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ABSTRACT 
 
The purpose of this study was to evolve how to reduce the manifestation of poor decisions 
that always produce defects and rework. The purpose of the study is predicated on the 
fact that good decision-making is a fundamental element of improved project delivery in 
the construction industry. Such decisions determine the accomplishment of performance 
parameters in each project. However, suboptimal performance, which is pervasive in the 
construction industry, is often linked to team decisions. To remedy decision-making 
pitfalls, the concept of Choosing by Advantages (CBA) is promoted by lean construction 
researchers. CBA is a decision-making system that assists project parties in deciding a 
course of action among competing alternatives. Case study research design was used 
for this project to discover the decision-making process adopted by project teams.  
 
The results from the study achieved through cross-case analysis shows that concrete 
defects and rework is often caused by the project team’s decision-making process, which 
is influenced by the members of the project team because of lack of experience, poor 
working conditions, and lack of education. The results also show that the decision-making 
mechanism of the project teams is influenced by the construction method, specification, 
cost, quality and time. The outcome of the project team’s decision-making process when 
choosing a concrete type often causes the concrete defects and rework, which can be 
eliminated through the application of CBA when choosing a concrete type.  
 
The application of CBA when choosing concrete type from two alternatives, ready mixed 
concrete and site batched concrete is driven by the project team. It was discovered from 
all three cases that ready-mixed concrete had a better score than site-batched concrete 
when using CBA to compare these two alternatives. The results show that ready-mixed 
concrete had less chances of causing concrete defects and rework when used or applied 
per the correct specifications or methods which are detailed in the engineering drawings 
of the structure. The study proposes that the project team should adopt CBA to improve 
their decision-making process on site especially when working with concrete. 
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DEFINITION OF TERMS 
 
Choosing by Advantages is a decision-making system that assists project parties in 
deciding a course of action among competing alternatives (Parrish and Tommelein, 2009: 
502).  
Construction Development is the execution of a construction project with the goal of 
creating physical assets, whereby physical assets can be exploited to achieve social and 
economic goals (Winch, 2010: 3). 
Construction Project Team is a team that is responsible for the design, organisation 
and management of the construction project due to the nature of the product or service 
which requires the integration of numerous specialised skills for the development of the 
successful project (Walker, 2015: 139). 
Decision-making is the thinking of the construction actors which results in choice among 
alternative courses of construction methods to de adopted during the design and 
execution of the project (Taylor, 2013: 48). 
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ABBREVIATIONS 
 
ADV  : Advantage 
CBA  : Choosing by Advantages 
CE  : Civil Engineering 
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VE  : Value Engineering 
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1 BACKGROUND OF THE STUDY 
 
1.1 Introduction 
 
The construction industry is essential to physical development, and economic growth is 
supported by developments that are implemented by project teams (Takim and Akintoye, 
2005: 545). Riecke (2004: 22) states that most construction specialists perceive that the 
success of a construction project is determined by the selected project team assigned to 
initiate the project and that the decision-making process which they select adds value to 
the project life cycle. 
 
Construction project performance is influenced by the project team, which comprises 
clients, consultants, contractors, subcontractors, and suppliers, to mention a few. 
Construction development is branded by the procedure designed and adopted for the 
project, and the results represent and symbolise the project team. However, performance 
produced by the project team has been disapproved and criticised for failing to meet the 
expectations of clients and end-users (González, Shahbazpour, Toledo, & Graell, 2014: 
1048). Historically, developing countries such as South Africa have always been a victim 
of poor performance (Emuze and Smallwood, 2012: 111). The negative impact brought 
into the construction industry because of underperforming project teams has created 
persistent time delays, cost overruns, payment problems, poor productivity, accidents, 
and negative image of the industry (Meng, 2012: 188; Emuze & Smallwood, 2011: 110). 
For instance, important factors influencing time delays relate to design changes, poor 
labour productivity or management, and poor programme planning (Meng, 2012: 1). 
Arroyo et al. (2012: 2) described the defects caused by project teams during the 
construction of the project and advised the project teams to adopt CBA methods to reduce 
the defects. These problems are influenced one way or the other by the decisions of the 
project team. 
 
Problems are mostly evident in public sector projects, as apparent in the over two-decade 
work of Flyvbjerg (Flyvbjerg, 2007: 5). The outcomes of poor project performance cause 
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the project to miss its deadline, and this increases the project’s overall budget, causing 
public attention. This is especially so if the project is sponsored by the government, 
because the government acts on behalf of the public, using public money to sponsor 
construction (Riecke, 2004: 22). The effect of poor performance is not a new topic in the 
construction industry; it is described as an existing problem that research must resolve 
(Zhang, 2013: 2). The negative impact caused by poor performance has forced clients 
and project sponsors in the private and public sectors to encourage innovative methods, 
such as the CBA, in construction.  
 
Bresnen and Marshall (2010: 229) stated that poor performance influencing overall cost, 
duration and quality can be eliminated if the project team can deploy the use of sound 
decision-making methods in construction. The construction industry is an activity that is 
defined by the decision-making of the project team, but the construction procedure is 
determined at the inception (design) and construction or implementation stage. During 
the inception phase, architects and engineers are responsible for the design and quantity 
surveyors are responsible for project cost estimate. The responsibility of the consultants 
is to meet the requirements of the client and make sure that the client has enough funds 
for the project (Arroyo, Tommelein. & Ballard, 2012: 1).  
 
Project planning is designed by consultants who are working as a team to create 
construction documents made up of bill of quantities, project scope and designs, project 
contract, specifications, and supporting documents. Contractors compete through pricing, 
and the successful bidder is awarded the project based on the submitted proposal. The 
contractor will be responsible for the site and will work with the consultants throughout 
the construction stage. It is essential for a project team to design a decision-making 
system during the design stage, because crucial decisions are taken during the design 
stage (Abraham, Lepech, and Haymaker, 2013: 349). To this end, Suhr (1999: 35) 
developed the CBA as a decision-making system that considers the advantages among 
alternatives and makes comparison by considering the advantages obtained. The CBA 
method is a decision-making system that comprises methods for almost all kinds of 
decisions during the construction process regardless of the scope of work.  
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Decision-making through CBA is determined by different phases, which include the stage-
setting phase, innovation phase, decision-making phase, reconsideration phase, and 
implementation phase (Parrish and Tommelein, 2009: 2). The project team and various 
stakeholders involved in the implementation of the project, from design to physical 
construction, must work together with understanding when selecting a decision-making 
process to strengthen and improve project performance (Emuze, 2012: 4). The 
management of the relationship within the project team can help them to design or select 
decisions that influence project actions for successful completion. CBA would allow the 
appropriate construction procedure that would help contractors to deliver the required 
project and the clients will be able to use fixed capital per project budget (Arroyo et al., 
2012: 1049).  
 
1.2 Research Problem Formulation 
 
According to Emuze and Smallwood (2012: 111), South African construction is subject to 
poor project performance. Poor performance relates to time delays, cost overruns, 
payment problems, and shortages of materials (Meng, 2012: 188). The results of poor 
performance may be generated either externally or internally. Although external factors 
pertain to weather conditions, unforeseen site conditions, market fluctuation and 
regulatory changes, internal factors are mainly caused by the team used for project 
implementation (Meng, 2012: 189).  
 
During the planning stages of a construction project, the project team examines and 
calculates the performance of required design and construction activities. It is at the 
planning stage that the utility of CBA becomes evident. In specific terms, the evidence of 
constraints at various stages of a project necessitates the use of CBA at the planning 
stage (Abraham et al, 2013: 349). For example, the scope of work in a project may require 
special understanding that is underpinned by the involvement of highly informed 
consulting professionals and construction teams (Zhang, 2013: 7). The choice of actions 
to be taken by the project team impacts on the project outcome. Parrish and Tommelein 
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(2009: 503) state that when determining the advantages of the construction process 
alternatives to improve performance, subjective judgement should not be ignored 
because the advantages might rest on the subjective. From the foregoing, it is evident 
that projects are challenged by poor performance influenced by the team. This study is 
therefore aimed at reducing the extent of defects and rework in the completion of concrete 
task. To realise the aim, the study asks: “How is the decision-making mechanism within 
a project team influencing the outcome of concrete works in Bloemfontein?” Concrete is 
chosen because it is the most used material in the construction industry.  
 
1.3 Research Question and Sub-questions 
 
To answer the broad research question in section 1.2, three sub-questions were used to 
direct the study. The sub-questions include: 
 What are the causes of defects and rework in the concrete task? 
 How is the decision-making mechanism defining the completion of concrete task?  
 How can the CBA decision-making mechanism be used to eliminate the extent of 
defects and reworks in concrete task? 
 
1.4 Aims and Objectives of the Study 
 
The questions in section 1.3 are important to achieve the overall aim of the study. In terms 
of opportunities for project performance improvement, the aim of this study proposed to 
eliminate or reduce the impact of poor decisions that always produce defects and rework 
in concrete task with the use of the CBA method in Bloemfontein, South Africa. Such 
decisions must be tested against developed project values that can build more cohesive 
and high-performing project teams in construction. The primary objectives of the study 
include the: 
 Determination of the causes of defects and rework in concrete task 
 Elucidation of how the decision-making mechanism defines the completion of concrete 
task 
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 Proposal of how the CBA decision-making mechanism can be used to eliminate the 
extent of defects and rework in concrete task. 
 
1.5 Scope of the Study 
 
The scope of the study is limited to: 
 Public sector construction projects in Bloemfontein, South Africa 
 On-going construction projects in which the principal team of consultant and contractor 
is accessible 
 Designed-by-employer type of contract 
 Concrete works information accessible on identified projects. 
 
1.6 Research Assumptions 
 
 Clients rely on the project team for optimum performance in the construction industry.  
 Improved project delivery is required in the construction industry. 
 Decision-making is central to the activities of a project team. 
 
1.7 Importance of the Study 
 
Like other sectors, the construction sector has its internal and external problems that 
affect an economy negatively (Hwang & Low, 2012: 817). Poor project performance that 
is characterised by cost overrun is one of such problem. The delivery of projects is 
characterised by the scope of work, which is classified by methods adopted by the project 
team, from the design stage to the construction stage (González et al., 2014: 1048). The 
traditional procurement system set the benchmark for project team to work separately: 
the client funds the project, the consultants design, cost estimate, and administer the 
project, and the contractors execute the physical construction per specification 
concerning the design, estimated cost budget, and the scope of work. This illustrated 
separation has been the recipe for poor decisions within the team, if a structured 
mechanism is missing (González et al., 2014: 1049). 
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However, the downsides of poor decisions and actions may be reduced if the project team 
adopts and properly apply CBA methods. Suhr (2005: 2-3) described the application of 
CBA as a mechanism, which causes the decision-making of the project team and various 
stakeholders to be based on the importance of advantages. However, there must not be 
any confusion of the fact that the project team must not make their decision based on the 
importance of advantages and disadvantages, because the intent of CBA is to allow the 
project team members to speak the same languages regarding sound decision-making 
systems (Parrish and Tommelein, 2009: 502). CBA methods are recommended because 
of their purpose – Legmpelo (2013: 49) described it as a decision-making process that 
introduces new ideas without ignoring old ideas. 
 
1.8 Chapter Summary 
 
This chapter serves as an introduction to the research study. The study is highlighted 
through the research problem, question, and sub-questions, apart from the assumptions, 
the scope of work, and the aim and objective of the study. There are several factors that 
encouraged this study, but the main factor is poor decision-making that allows project 
teams to produce poor performance in construction. Bloemfontein in South Africa is the 
proposed geographical limit of the study because of logistical reasons. The next chapter 
elaborates upon the objectives of the study.  
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2 LITERATURE REVIEW 
 
2.1 Introduction   
 
This chapter explores elements of CBA methods in the relevant literature. In doing so, it 
also mentions the elements influencing project performance relative to the decision-
making methods adopted by project team on the projects. 
 
2.2 Origin of Choosing by Advantages (CBA)  
 
The CBA method was developed in United States of America (USA) by Jim Suhr, who 
chose to develop a decision-making system for performance improvement purposes 
(Suhr, 2005: 1). He started his research by observing and understanding the selection 
and application of national resources used in the USA (Koga, 2005: 3). He dedicated his 
life to designing a decision-making method, and after 10 years of research, in 1969 he 
made a breakthrough in his research, but he struggled to conclude his research study. 
The important questions he failed to answer were as follows (Suhr, 2005: 1):  
 How can we consistently make sound decisions?  
 How can we clearly show that our decisions are sound?  
 How can we simplify sound decision-making?  
 How can we make our decisions congruent and effective? 
 
His research study lasted for almost 22 years, and in 1981, he concluded his research 
study by being able to answer the four questions he had formulated. This was the birth of 
CBA methods, which enabled him to propose that: “decision-making of a project must be 
based on the importance of advantages” (Suhr, 2005: 1). The CBA method can be 
described as an idea that forms the base between two or more alternatives in projects as 
advantages of one or other alternatives (Joseph and Cleves, 2012: 36). The CBA method 
helps the project team to reach objective decisions-making when comparing alternatives 
(Legmpelo, 2013: 49).  
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Suhr (1999) defined the CBA method “as a decision-making method, developed by the 
entire project team, not an individual construction profession, he further stated that CBA 
is a decision-making method not just an element connected to the system, by 
summarising and solving the equation of decision-making, CBA assists good decisions 
become excellent and excellent becomes perfect” (Koga, 2005: 2). Suhr (1999) set the 
benchmark for project teams who are investigating decision-making of the project. He 
contends that there is no right or wrong when deciding among a set of alternatives 
because the disadvantage of one alternative could be the advantage of the other. Sound 
decision can be detected if project teams leave out decisions, which affect the project 
negatively. Alternative sound methods are defined as “the application of statistics to serve 
its purpose precisely and reply to answer the correct questions” (Koga, 2005: 4). 
 
The CBA method helps project teams to choose alternatives, which will be able to achieve 
the goals of the project (Legmpelo, 2013: 49). Rubrich (2012: 207) stated that CBA is a 
decision-making method that starts when the client decides to invest in construction and 
ends when the contractor completes the project. CBA is a technique comprising various 
decision-making methods to close the gap of complicated construction decisions 
(Haymaker et al, 2013: 340). It has further been observed that CBA coordinates with the 
desired value and culture of lean/integrated project delivery (IPD) and allows project 
teams to highlight the value of the project to clients (Lean Construction Institute (LCI), 
2015: 2). ‘Lean’ is a reaction to project teams’ displeasure regarding performance in the 
construction industry (LCI, 2015: 2). The revolution of lean dated from WWII in Japan, 
where the Toyota Production System (TPS) designed a method that eliminates waste in 
the car manufacturing industry (Legmpelo, 2013:18). Toyota took lean onto another level 
by designing methods that eliminate waste, as illustrated in Figure 2.1. 
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Start
Establish Problems
Establish the grounds of the 
problem by asking “why did 
this occurred?”
Write your problems down in a 
figure or table
For each of the grounds you 
established, once again ask 
“why did this occurred?” and 
establish their grounds
Have you asked “why” to each 
problem 5 times, or enough time to 
establish sound roots grounds
Discover solution to root 
grounds established
Conclude
 
Figure 2.1 The Five (5) Why’s process flowchart (adapted from Legmpelo, 2013: 19).                                     
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The adoption of lean in the construction industry is referred to as lean construction (LC) 
(Koskela, 1992, Shang, 2014:1145 & Legmpelo, 2013:18). The objectives of LC are to 
construct a road that improves the flow of construction information and materials by 
eliminating waste. It is about an improved road that leads the flow of construction 
information and material that means construction projects that have higher quality, and 
higher productivity and are delivered with economic value and market period (Rubrich, 
2012: 11). To achieve this improvement, the utilisation of lean principles of value, value 
stream, flow, pull, and perfection are crucial (Tommelein, Chiu, and Koga, 2009: 25). 
Value is identified by discovering the price of predictable functions to the contractor. For 
example, understanding construction materials (product) delivered to site, helps the 
project team to understand the procedure of delivering value (value stream mapping) 
(Tommelein et al, 2009: 25). 
 
2.3 Development of a Decision-Making System in the Construction Industry 
 
CBA method is described as the same knowledge shared by project teams working 
together to complete a construction project (Parrish and Tommelein, 2009: 502). The 
development of the CBA method is determined by the fact that it connects the project 
decisions with the client’s needs (Eynon, 2013: 197). Abraham et al. (2013: 352) 
discussed the application of CBA method and stated that for CBA to work effectively it 
must not be based on the interest of the client. Rather, it should be based on the interest 
of the project. CBA method is recommended because of its power to produce visible or 
transparent decisions for design and construction works that recognise the difficulties of 
the projects and clients’ programmes (Eynon, 2013: 197).  
 
Tommelein et al. (2009: 26) further explain the execution of CBA methods and how it can 
be used for defining the description of alternatives clearly, escalate the number of ideas, 
examine the modifications of alternatives explicitly, determine the importance of those 
modifications, appropriately consider cost modifications, and anchor information to the 
relevant facts. CBA method is gradually adopted by professionals, especially in the USA, 
because larger companies are developing facility programmes for project teams to enable 
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the content and are facilitated through the five stages of the complete process (Eynon, 
2013:197). Table 2.1 explains the five stages of a typical CBA method. 
 
Table 2.1: Five Stages of CBA method 
Terms  Definition 
Stage Settings Explaining the purpose and establishing the problems, criteria, of the 
decision and who should be involved. 
Innovation Establishing the alternatives and evaluating the difference between 
them visibly and physically. 
Decision-
making 
Listing the advantages of each alternative, choosing the importance of 
each alternative and selecting the alternatives that have higher score 
points  
Reconsideration Examining the draft decision to inspect if it serves its purpose 
effectively and does not create collision 
Implementation Putting the decision practically to solve speeding up the construction  
Source: Eynon, (2013: 197) 
 
Tommelein et al. (2009: 26) explained the purpose of CBA methods. They advise that 
project teams who are adopting the method should understand that:  
 CBA is a problem-solving method, not a weapon to be used by project teams for their 
own benefit. 
 CBA is a sound system of description, principles (value), models and methods of 
construction project. 
 CBA allows a project team’s decision to peacefully bridge the gap between data and 
the decisions. 
 A sound decision must be based on the appropriate criteria, valid facts, and suitable 
viewpoints for the decisions. 
 
12 
 
As shown in Table 2.2, the application of the CBA method is characterised and defined 
by: alternative, factors, criterion, attributes, advantages and importance of advantages 
(Suhr, 1999: 15). 
 
Table 2.2: CBA Vocabulary  
Terms  Definition 
Alternative Either one or more project decision adopted by a project team in terms 
of the use of materials, and other project inputs 
Factors A section, parts, or mechanism chosen from the alternative. When 
assessing performance, factors should represent period, cost and 
quality. 
Criterion A policy or decision law regulated by the project team. A ‘must’ criterion 
symbolises circumstances each alternative must please. A ‘want’ 
criterion symbolises favourites of one or several decision-makers 
(project team). 
Attributes Type of quality, results or characteristics of one alternative  
Advantages The beneficial factors between alternatives in the project 
Source: Arroyo et al. (2014: 393). 
 
Project teams are advised to discuss the advantages of one or more alternatives, 
because disadvantages of one alternative are advantages of the other alternatives 
(Parrish and Tommelein, 2009: 502). The application of CBA methods is determined by 
project team’s decisions when selecting the alternatives, factors, and criteria of the 
projects (Rubric, 2012: 208). The selection of a decision-making method can be 
successful only if the alternative meets the standard selected for each project (Lee, 
Tommelein, and Ballard, 2010: 118).  
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Legmpelo (2013: 50) described the function of CBA method, and stated that cost is not 
considered a criterion and there is no reason to investigate which alternatives cost lower 
or are cheaper. The author explains that the goal of a project team is to establish the best 
alternative without over-emphasising initial cost. The project team should address the 
cost components either before or after implementing CBA. Legmpelo (2013) stated two 
ways to deal with problem. These include: 
 Discuss the cost of each alternative in advance. Because CBA method is not 
determined by the cost of alternatives, the alternative with the biggest score should 
be the one to be selected. 
 Track the CBA analysis with all thinkable alternatives. Measure the score of all 
alternatives and track cost examination, and alternative with biggest score should be 
recommended. 
 
The CBA method is one of the best decision-making methods because it differentiates 
the non-money and money decisions. Non-money decisions are labelled as any decision 
which results in no cost differences between alternatives; money decisions are labelled 
as any decision problems which result in cost differences between alternatives (Abraham 
et al., 2013: 353). The CBA method is designed to accommodate either large or small 
projects through: The Simplified Two-List Method (STLM) and the Tabular Method (TM). 
STLM is designed for simple projects comprising two alternatives of the equal cost 
estimate of the project. TM is suitable for complicated projects, mostly when the project 
decision comprises multiple alternatives, when there is different information to be judged 
and the entire project teams are involved in the decision-making process (Arroyo et al., 
2014: 393). The application of TM is described in Figure 2.2.  
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1. Classify alternatives
 
 
2 Describe factors
 
 
3. Describe the essential/
want criterion of factors
 
4. Summarize the 
attribute of each 
alternative
 
5. Choose the advantages
 
6. Choose the importance 
of each advantage
 
7. Asses cost data
 
Figure 2.2 CBA steps (adapted from Arroyo et al, 2014: 393).                                     
 
The CBA steps are as follows (Arroyo et al, 2014: 393):  
 
Step 1 tells that project teams should choose alternatives based on the importance of 
advantages over alternatives. In Step 2, the project teams must define the factors with 
the purpose of differentiating (breaking down) alternatives. In Step 3, the project teams 
agree on a criterion which will be adapted on each factor to weight the attributes of 
alternatives. In Step 4, the project teams summarise the attributes of each alternative on 
the designed scale. In Step 5, the project teams establish the significant ideal attribute for 
each criterion, and then decide on the advantages of each alternative’s attribute. In Step 
6, the project teams implement the CBA method by deciding on the importance of 
advantages. These steps are determined by the project teams, and specifically the 
client’s, needs to clearly and easily state their preferred importance of advantages. In 
Step 7, the project teams weight the cost data and chose appropriate alternatives.  
15 
 
 
Abraham et al. (2013: 352) state that a CBA method is structured by the advantages of 
alternatives and that if there are no advantages, then there is no importance. Abraham et 
al. (2013: 352) also explain that if the advantages are small, then its importance are small; 
and if advantages are large, then importance is significant. They contend that project 
teams deciding the importance of each advantages, should first institute the scale of 
importance for decisions by selecting the more important advantages and classifying 
them as an importance score, then weighting them on the established scale. The 
weighting methods of alternatives should be on the importance of advantages, on the 
criteria, factors, or other data adapted to collect the score of alternative (Suhr, 1999: 80). 
According to Arroyo et al. (2013: 310), the application of the CBA system is regulated by 
the four laws, which include:  
 The project team must be educated and carefully apply sound decision-making 
methods. 
 The decision-making of projects must be based on the importance of advantages. 
 The decision of projects must be wired to the appropriate facts. 
 Decisions are not chosen from one source, and different types of decision are 
connected to different types of sound decision-making methods. 
 
2.4 Construction Methods and Construction Performance Improvement 
 
Construction methods adopted by project teams must add value to the project life cycle 
(Abraham et al., 2013: 349). Project teams must undertake appropriate research when 
selecting methods because adopted methods determine project performance. The project 
team is described as the decision-maker, and the project decision-making determines the 
strength and weakness of the project (Haymaker, Chau & Xie, 2013: 339). The 
construction methods are described as a continuous process and project teams have the 
authority to improve the methods from time to time depending on the scope of the project 
(Abdulaziz, Yousefi, Life, & Fsavei, 2010: 2). 
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The construction methods adopted for the project can influence project performance 
either negatively or positively and each method serves its own purpose. For example, a 
tipper truck is used either to deliver sand or stone or to dump excavated soil, while the 
excavator is used to dig the trench. In this case, each method is used to serve its own 
purpose (Koga, 2005: 1). 
 
The construction industry is driven by project teams, and various decision-making 
methods are engaged to improve project performance, such as Value Analysis (VA) and 
CBA methods. The objectives of these methods are different. The nature of construction 
is changing as years are passing; technology improves the speed of construction, making 
VA and CBA methods overlap. This makes project teams investigate the impacts of 
decision-making methods (Koga, 2005: 1). The application of VA methods is to determine 
the client’s needs, by introducing the new methods which will meet the client’s desire 
while considering the cost of the project (Abdulaziz et al., 2010: 3) 
 
VA methods are adopted by project teams to investigate the purpose of the project, with 
an aim of estimating the project at a lower cost, taking into consideration the essential 
value of the project while examining the decision-making of project teams (Mandelbaum, 
2007: 1). The implementation of the VA methods must be adopted during the inception 
phase (feasibility, planning, designing and costing), up until the construction and 
operation/or maintenance phase of a project (Missouri Department of Transport (MDT), 
2015). The application of VA methods is defined by the project cost: whether the cost of 
the project is increased or reduced; if reduced, does the project correlate with quality, 
reliability, performance, and other critical elements of the project teams (Abdulaziz et al., 
2010: 2)?  
 
L.D. Miles developed VA methods in USA in 1947 after World War II (WW II), while 
working for the General Electric Company (GE). The negative impacts created by WW II 
led to shortages of steel, materials and labour in the manufacturing industries. The GE 
discovered that recycling old materials increases production at less expense; this 
encouraged Miles to develop the VA method (Olawuyi, 2009: 1). The application of the 
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VA method spread quickly through the manufacturing industry and was introduced into 
the construction industry during the year 1962 (Mandelbaum, 2007: 3).  
 
There are many reasons why the construction industry adopted VA methods; the method 
was adopted because it encourages the project team’s decision-making to be based on 
the value of the project. The decision-making chosen by project teams must be based on 
the advantages of the project rather than the construction cost (Pampuch, 2013: 1). 
Abdulaziz et al. (2010: 3) state that VA methods focus on reducing the cost of the project 
by realising the functions, objectives, needs, requirement and desire of the project team. 
The application of the VA method is balanced between function, quality and cost (Table 
2.2; Figure 2.3).  
 
Table 2.3: VA Vocabulary  
Term Definition 
Function The construction methods and purpose of the project that must be 
adopted by project teams.  
Quality The guarantee that the project is fit to serve its purpose.  
Life cycle cost 
(LCC) 
 The initial cost plus the operational cost of the project. Examples of 
operational cost are energy/electricity, water supply, maintenance, 
and staff payments. 
Source: Abdulaziz et al. (2010: 3) 
 
18 
 
 
 
Figure 2.3: Three main issues of VA (adapted from Abdulaziz et al, 2010: 4) 
 
2.5 Difficulties in Construction Process 
 
The construction industry is playing a vital role in the economic development of a country 
because the construction development sets benchmark for business operation 
(Ebekozien, 2012: 1). There are numerous physical infrastructure projects that make 
business operate: roads, bridges, buildings, water supply, and energy, etc. (Ebekozien, 
2012: 25). The construction of projects is determined by the number of components 
relating to project scope, project duration/or periods, and project difficulties, but the most 
influential and common component is change in construction (Hwang & Low, 2011: 817). 
The construction industry is benchmarked by change or innovative thinking designed by 
project teams. Emuze (2012: 1) defined innovation as the invention of new knowledge in 
the construction industry, made up of new projects, new construction methods, social 
change and structural change. Innovation is not a case that can be concluded at the same 
time, but it is a case that takes time to reach its conclusion.  
Function
QualityCost
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The construction industry is growing fast and becoming complicated because of 
innovative projects. Most clients are encouraging projects that are increasing in scope, 
complicated technology, interdependencies, and design change (Aiyetan, 2011: 1). 
Innovative construction development is adopted mostly through large and complex 
projects and in most cases large and complex projects are designed and executed by 
competitive consultants and contractors (Zhang, 2013: 196). In the faster-growing 
construction development most projects are constructed through the adoption of 
international methods. The problems come as the result of failure to apply international 
methods appropriately, because local consultants and contractors fail to reach the 
standard of the adopted methods and this affects performance negatively (Zhang, 2013: 
199). 
 
Performance is defined as the judgement of actual projects that might be under 
construction or completed, considering productivity, competence and excellence in 
relation to the adopted construction methods (Aiyetan, 2011: 8). Performance 
measurement is the procedures of determining how successful the project team are in 
carrying out the physical construction. Performance indicators are described as 
determined characteristics within the project, techniques and approaches used by project 
teams to track performance. Approximately 50 years ago, traditional researchers 
established and believed that there existed only three performance standards, namely: 
cost, time, and quality (Li, Arditi, & Wamg, 2012: 152). 
 
The change in construction through large and complex projects has created changes in 
the construction industry and project teams are struggling to adapt to the new methods. 
Project performance must be measured at an early stage so that project teams can 
discover factors affecting performance at an early stage (Li et al., 2012: 151). Meng (2012: 
188) stated the impacts influencing poor performance in relation to time delay and cost 
overruns, and explained that poor performance is a gap that needs to be closed. The 
study further described and labelled the identified factors causing poor performance 
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during project execution relating to, finance and payment problems, poor contract 
management, change in site conditions and shortage of materials.  
 
Meng (2011: 188) showed and identified the main impact influencing time delays as 
design change, poor labour output, insufficient planning, and shortage of resources, while 
the impact influencing cost overruns are frequently related to the increase of material rate 
(inflation), incorrect material estimate, and complicated project. Emuze and Smallwood 
(2013: 25) observed the construction procedures in developing countries and noted that 
poor performance is a serious case in the production of projects. The impact of poor 
performances is said to be caused by projects experiencing schedule delays and cost 
under-runs. A cost under-run is described as a way in which the contractor concludes a 
project at a lower budget than the estimated budget, while time delays refers to projects 
that are not completed within the project estimated duration.  
 
Project performance is determined by the construction procedure and methods adopted 
during the design and physical construction stage, and the study by Li et al. (2012:151) 
described that the physical construction is implemented in a dynamic environment 
determined by budgets, technology, and project delivery. The project performance is 
destabilised by increased size of the project, and Zhang (2013: 195) stated that large and 
complex projects are the subject of change, because of the demand from project teams 
pertaining to diverse viewpoints of goal, large capital expenditure, and multiplicity of 
projects. The main cause of poor performance is the fact that consultants and contractors 
are falling to meet the project standard requirements, because of lack of skills and 
knowledge (Li et al., 2012: 151). The results of poor performance discovered by project 
teams are not the same, and the study by Emuze and Smallwood (2013: 55) explained 
and listed the clients’ factors influencing poor performance pertaining to project 
documentation, procurement procedures, and organisation of variation orders, while 
consultants and contractors are thought to encounter the same factors such as poor 
product or service delivery. 
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2.5.1 Consequences of Poor Decisions in Construction 
 
Based on the data collected in the literature review from several authors such as Meng 
(2011: 188), Zhang (2013: 195) and Emuze and Smallwood (2013: 25), major 
consequences of poor decisions in construction are herein highlighted.  
 
2.5.1.1 Time Overrun 
 
After the tender, has been awarded to the contractor, the construction periods start. This 
makes the contractor liable for all activity happening at the site. In most cases, the 
contractor fails to reach the deadline of the project (Hussin Raman, & Memon, 2013: 16). 
Construction period is defined as the period allocated for the contractor to start and finish 
the project; time delay is defined as failure of the contractor to reach the target and this 
affects the progress of the operation to run over the work programme (Kikwasi, 2012: 53). 
Kikwasi (2012: 53) explained the impacts of delays and described their characteristics, 
such as non-excusable delays, excusable non-compensable delays, excusable 
compensable delays and concurrent delays (see Table 2.4). 
 
Table 2.4 Different types of delays  
Term Definitions 
Non-excusable 
delays 
Delays which are either manufactured or assumed by the risk 
taken by the contractor during the physical operation 
Excusable non-
compensable delays 
Delays which are caused by natural factors and the contractor 
has no control over them. 
Compensable 
excusable delays 
Delays which can be reimbursed, are understandable, can 
disrupt part of the work, and can be caused by an act or failure 
from the client resulting in contract cancellation 
Concurrent delays Delays which are caused by the acts of both the client and the 
contractor 
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Source: Kikwasi (2012: 53) 
 
2.5.1.2 Cost Overruns 
 
The success of the project is influenced by the construction cost: this is the most important 
element, because costs run through the life cycle of the project, from physical operation 
to maintenance (Kikwasi, 2012: 16). The construction industry is experiencing numerous 
challenges such as cost overruns, which are increasing the capital overall of the project 
in such a way that contractors tend to share the price they are bidding with and end up 
escalating their rate, so creating collusion (Cheng, 2014: 850). Cost overrun is defined as 
the escalated project expenditure, where the capital expenditure of the project tends to 
be higher than the estimated price of the project. Cost overrun was previously practised 
in the public sector, but currently is experienced both in the public and private sector 
(Shehu, Endut, Akintoye, & Holt, 2014: 1475). 
 
2.6 Causes of Cost and Overrun in Concrete Tasks 
 
The continual and unavoidable existence of defects continues to be one of the primary 
causes of schedule and cost overrun in construction. Quality management on site is done 
by site managers, and there are various challenges, which site managers are failing to 
address (Kwon, Park, & Lim, 2014: 74). Sasaki, Uno, Hashimoto, and Date (2016: 254) 
explained that site managers should take into consideration the approach from aspects 
of structure, design, construction, and materials to improve the productivity of construction 
tasks specifically for concrete works. 
 
The construction industry is described as a complicated working environment, because it 
is difficult to measure cost overrun and delays, which are influenced from time to time by 
tasks overlapping on each other. Reinforced concrete is found to be a major influencer of 
cost overrun and project delays (Shehu, Endut, Akintoye, & Holt, 2014: 75). Reinforced 
concrete is stated to influence the construction cost and period in a country such as South 
Africa because the methods used to construct high-rise commercial building involve mass 
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of concrete as a major component of the building structure. Even though there are other 
major components such as steel, brickworks and timber, but they are still overshadowed 
by the quantity of concrete casted in a building structure (Senthilkumar, and Shafee, 
2013: 1). High-rise buildings are influenced by the desire of investors to settle in the 
Central Business District (CBD), and because there is lack of availability of land in the 
CBD, this makes project teams  design and construct tall buildings that will meet the 
clients’ desires without destroying the city (Senthilkumar, and Shafee, 2013: 1) 
 
Construction defects caused by concrete tasks are influenced by several factors and the 
study by Kwon et al. (2014: 74) describes the causes of defects for concrete works on 
site: It involves the preparation of building materials such as cement, reinforced steel bar, 
aggregates, sand and water. The process of casting concrete starts when employees set 
the formwork, then install reinforced steel, then pour concrete, allow the concrete to cure, 
and remove the formwork. The construction work is producing common waste such as 
timber formwork and unused concrete, and has further caused pollution to the 
environment, putting the construction industry in a critical spot (Senthilkumar and Shafee, 
2013: 4). 
 
The study by Ko and Kou (2015: 444) states that 15% of the construction cost and one-
third of the structural cost for reinforced concrete works is influenced by formwork, payroll 
and material cost. The study further explains the state of production with the results of 
poor project delivery, quality and cost, because formwork operation depends on skilled 
workers, and skilled workers are aging (Ko, & Kou, 2015: 446). The operation process of 
formwork is described in Figure 2.3. 
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Plan & design formwork
Study the drawing plan
Organize materials
Set out formwork
Manufacture molds Inspect Accuracy
Assemble formworkTransport molds
Keep under observation 
casting of concrete
Uninstall and remove 
formworks
 
Figure 2.4 Formwork operational flows (adapted from Ko, and Kou, 2015: 446) 
 
2.7 Chapter Summary 
 
The construction industry influences the economic development of a nation in that it 
creates jobs for communities. Because of the demand of the market, the client tends to 
seek out large and complex projects. Large and complex projects improve the standard 
of construction, but it is difficult to pursue such projects. The difficulties experienced by 
project teams during the construction period include failure to deliver the project and poor 
performance. 
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The success of a project is influenced by the decision-making methods used by project 
teams. There are several decision-making methods, which can be chosen by project 
teams, but this study focuses on the CBA method. A CBA method is preferred because it 
encourages decision-making, which focuses on the advantages of the project rather than 
the disadvantages of the project. These methods can be adopted when working either on 
large or small projects through STLM and TM.  
 
  
26 
 
3 RESEARCH APPROACH 
 
3.1. Introduction 
 
This research study aims to highlight the decision-making methods adopted by 
construction project teams in Bloemfontein. This chapter highlights or explains the 
methods which the researcher adopted for collecting, analysing and interpreting the 
research data for this study.  
 
3.2. Research Method 
 
Case study research method is selected for this study, because it supports the nature of 
the research question, which asked “How is the decision-making mechanism within a 
project team influencing the outcome of concrete works in Bloemfontein?” (Yin, 2014: 4). 
A qualitative research method is applied in various research fields, but traditionally it was 
developed to discover and to describe disciplinary perspectives in social science, mainly 
in sociology and anthropology (Denzin & Lincoln, 2011: 43). Qualitative research seeks 
to understand the causes of human behaviour and discover why things happen as they 
do (Fellows & Liu, 2008: 9). In this case, case studies will allow the researcher to gain an 
in-depth understanding regarding the decision-making method chosen when working with 
concrete tasks while introducing the application of CBA method. 
 
Qualitative research is an open method which investigates the cases on its own right. It 
evaluates disciplines, fields, and subject matter (Denzin & Lincoln, 2011: 3). Qualitative 
research investigates why and how the problem occurred, not just what, where and 
when the problem occurred (Fellows & Liu, 2008: 9; Baxter & Jack, 2008: 544)).  
  
A case study research design method was chosen because it allowed the researcher to 
look at phenomenology in context. The design is defined as practical reviews that explore 
an existing issue in detail and within its actual setting, particularly when the border 
between the phenomenology settings is not apparent (Yin, 2009: 18). Barratt, Choi, and 
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Li (2011: 320) explain that the adoption of case studies is mainly selected to construct 
new theories, and that researchers apply an inductive logic, with an objective of exploiting 
a variety of methods to collect primarily qualitative data. The study by Beverland and 
Lindgreen (2010: 57) defined case studies as an examination which is bound by time and 
place, or an investigation which is broadly connecting multiple sources of information 
based on the setting of the study. 
 
The researcher designed case study methods for showing and explaining the operation 
of the study such as the data collection procedure, as it can be reused with similar results. 
The researcher used repetition reasoning in multiple case studies, to find areas where 
research findings are general. The researcher selected case studies to develop the CBA 
framework. Evidence of idea and practical assessment improves the theoretical 
understanding behind project decision-making methods. The researcher chose case 
studies to cover an extensive range of alternatives such as ready-mixed concrete and 
site-batched concrete in civil engineering and building projects, as indicated in Table 3.1. 
The case studies were developed on actual projects and had multiple team perspectives, 
as members of the construction and consulting engineers team were interviewed. 
 
Table 3.1: Cases of the Study 
Case type Project Description Project Type 
Project Case 1 New North-Eastern Waste Water 
Treatment Works 
Civil Engineering Project 
Project Case 2 N8 Road Rehabilitation: Bloemfontein to 
Sannaspos: Bridge no, B286 (A & B): 
Bloemspruit River Bridge 
Civil Engineering Project 
Project Case 3 Construction of MOTHEO TVET Artisan 
Development Academy 
Building Project 
Source: The researcher 
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The methodology adopted for this study is indicated in Table 3.3. 
 
Table 3.2: Research Methods Steps 
Chapter Summary Decision 
3.2. Research Methods Case study 
3.3. Research Design Multiple case design 
3.4. Research Process Research steps and goals 
3.5. Data Collection Primary source: semi-structured 
interviews and on-site observation. 
Secondary source: Literatures sources 
3.6. Research Credibility  Triangulation and multiple data source 
3.7. Sampling Purposive sampling 
3.8. Data Analysis and Interpretation Cross-case synthesis 
3.9. Ethical consideration Adhere to the University rules and 
regulations   
Source: The researcher 
 
3.3 Research Design 
 
A research design is the procedure that connects the data to be collected and the 
conclusion to be drawn to the initial research question (Yin, 2014: 26). According to Yin 
(2011: 75), it is important to design the research process as a logical blueprint because 
logistic plans cover the management of the research. Research design must relate to the 
research questions; establish what data are required and how data are to be examined 
(Fellows & Liu, 2008: 20).  
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The primary data were collected through semi-structured interviews and on-site 
observations from three Case Projects in Bloemfontein. The researcher avoided biases 
by not interviewing the clients for all three case studies. The reason why the client did not 
form part of the interviews was because the consulting engineers manage the project on 
behalf of the client, as the principal project manager. Again, the reason was because the 
client did not form part of the project team relating to the decision-making regarding the 
concrete work on site. During an on-site observation, the researcher avoided biases by 
making the members of the construction team to be aware of the researcher’s aims and 
goals for the observation he was undertaking regarding the way they handled concrete 
on site. However, the fundamental problems or unit of analysis for this study was to 
investigate the project teams’ decision-making when working with concrete task. This unit 
of analysis led the research design and identified the type of data which the researcher 
collected through semi-structured interviews and on-site observation, as described by Yin 
(2014:36).  
 
The semi-structured interviews were based on a set of questions prepared for the project 
team with the aim of investigating the protect team’s decision-making procedures when 
working with the concrete task, and to introduce the application of the CBA method when 
choosing the concrete alternatives. However, the observations were based on 
investigating the handling of concrete on site. The research process can be explained by 
identifying different research steps and goals related to each task. Figure 3.1 shows the 
general research strategy of this dissertation.  
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Determine the goal of 
the study
 
 
 Develop an understanding of 
current decision-making 
process selected by project 
team
 
Develop an understanding of 
the necessity of project that 
support CBA method
 
 
Recommend an alternative 
method for decision-making 
process of the project team 
 
 
Conclusion and 
recommendation
 
 
Apply the CBA method to actual 
case studies
 
 
Study the funding with experts 
and discover area of 
improvement
 
 
Collect and analyze data
 
Study literature
Investigate which decision-making 
methods is used in the construction 
industry
Investigates the impacts of CBA 
methods towards project performance
Establish research question and 
research objective                 
Discover the causes of defects and 
rework in concrete task
Determine the impacts of decision-
making process in concrete task
Introduce the use of CBA methods to 
project team to adopt during the 
inception phase of the project when 
designing concrete task
Select project and case studies
Prepare general rule and assistance on 
application of CBA method
Develop evidence of idea of the study
Collect data
Interview construction practitioner using 
semi-structured interview
Perform qualitative research method
Analyze research results
Write conclusion and answear the 
research question
Background and Investigation
Improvement
Exploration
Confirmation
Understanding
Research Steps Research Goals
 
Figure 3.1: The research process for the CBA study in Bloemfontein 
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3.4 Research Process 
 
3.4.1 Basis 
 
To gain understanding of the background that supports the development of decision-
making methods engaged by project teams, the researcher studied the literature to 
understand the concept of decision-making methods used in the construction industry. in 
addition, the researcher studied the impacts of CBA methods on project delivery and 
performance, and how a CBA method affects the performance of project teams. 
 
3.4.2 Improvement  
 
The improvement phase consists of three tasks, namely: discover the causes of defects 
and rework in concrete task, determine the impacts of decision-making process in 
concrete task, and translate the language of CBA method to the project team while 
choosing the concrete task. 
 
The researcher studied the literature regarding decision-making methods, specifically the 
objective of CBA methods in the construction industry. The researcher discovered that 
‘CBA methods’ is not a title on its own, it falls under LC. The researcher continued to 
study the literature to identify decision-making methods that support CBA methods. The 
data collected in the literature helped the researcher to prepare general rules for the use 
of CBA methods.  
 
3.4.3 Exploration and Confirmation  
 
The exploration and confirmation task set the benchmark for introducing CBA methods 
on an actual project. The researcher studied the case study methods and chose to use 
multiple case studies to cover a variety of alternative levels made up of ready-mixed 
concrete and site-batched concrete in civil engineering and building projects. The case 
studies were conducted in Bloemfontein and adopted the TM methods, because of the 
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scope of the Case Projects and the reason that cost is critical when working with concrete 
tasks. The case studies had similar objectives and for all three cases the project team 
chose ready-mixed concrete over site-batched concrete. The CBA results or IofA score 
for all three projects were compared and judged per the score which was architected by 
the project teams.  
 
The researcher selected three cases with the aims of investigating the decision-making 
process executed by project teams when choosing the concrete type to be used for their 
project, when choosing between two concrete alternatives namely; ready-mixed concrete 
and site-batched concrete. The objectives of the case studies were to eliminate or reduce 
the impacts, which extend the level of defects and rework in the concrete task. CBA 
methods were used to choose an efficient concrete alternative to be used by the project 
team for their project. The case-studies include: 
 Case Study 1: Concrete Task: Civil Engineering Project (New North-Eastern 
Waste Water Treatment Works).  
 Case Study 2: Concrete Task: Civil Engineering Project (N8 Road Rehabilitation: 
Bloemfontein to Sannaspos: Bridge no, B286 (A & B): Bloemspruit River Bridge).  
 Case Study 3: Concrete Task: Building Project (Construction of MOTHEO TVET 
Artisan Development Academy) 
 
3.4.4 Understanding  
 
In the understanding phase, the researcher analysed the research results from three case 
studies, and wrote the conclusions. The researcher also answered the research question, 
and provided recommendations for future study as described in Chapter 6. 
 
3.5. Data Collection 
 
Data collection is a communication process and is characterised by two methods, namely: 
the primary and secondary data method (Fellows & Liu, 2008: 150). The primary data 
derived from three case studies mentioned in 3.3.4. The studies assessed how decisions 
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are made by a project team when working with concrete task. The project team are made 
up of the members of the construction and the consulting engineer teams for all three 
Case Projects, and they were interviewed to collect the primary data for this study.  
 
However, the researcher introduced the CBA application through discussions and 
questions aided by presentation to the project team. In addition, the researcher presented 
the relevant information for the decision-making process, the process for obtaining the 
information, and assumptions behind the data presented. However, two-way 
communication methods were adopted to collect data through semi-structured interviews 
based on the research questions as outlined in Appendices C and D. The two-way method 
is regarded as non-linear, which is more helpful to the transfer of meaning (Fellows & Liu, 
2008: 150). Lastly, an observation checklist was carried out by the researcher, and the 
members of the construction team was aware and recognised the goal of the researcher 
was to investigate the handling of concrete on site. The observation checklist is outlined 
in Appendix E and the results of the observation are referenced by the pictures taken on 
site for all three cases. The observation checklist data were then compared with the semi-
structured interviews data to identify the causes of concrete defects and rework on site. 
 
The secondary data consist of information obtained from existing literature in the form of 
journal publications, conference papers, reports and books. This information is very 
important, because it guided the development of the research topic.  
 
3.6. Research Credibility 
 
Yin (2014: 102) explained that a creditable case study must be grounded based on the 
evidence from number of sources, which can include: documents, archival records, direct-
observations, participant observation, and physical artefacts. Therefore, the researcher 
adopted semi-structured interviews and direct observation to collect the data for this 
study. The researcher collected the data between June and September 2016. Therefore, 
the researcher engaged triangulation: multiple source of evidence through interviews of 
22 persons and on-site observation as recommended by Yin (2014:119) 
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3.7. The Sample Technique 
 
The sampling of this study is defined by the main research questions which asked “How 
is the decision-making mechanism within a project team influencing the outcome of 
concrete works in Bloemfontein?”. Again, the sample consisted of the key member of the 
construction and consulting engineers team (project team) from three constructions and 
consulting engineers’ companies working in Bloemfontein. The construction project 
leaders and member, who was part of the decision-making process of the concrete work 
for each Case Project, were targeted for interviews to confirm that effective perception 
could be obtained. The projects that were investigated included civil engineering and 
building projects as indicated in Table 3.1. Yin (2011: 88) explains that the topic of the 
main study or the research question defines the procedures which the researcher must 
adopt to collect the data of the study. For this reason, that the research questions asked 
“How” questions, the sample for this study was to be Purposive sampling as explained by 
Yin (2011: 88). The data collected for this study were not statistical, which made this study 
to be a non-random in nature. This is likely to be supportive to multiple case studies, as 
stated by Yin (2011: 89). 
 
For all three Case Projects, the research sample included the project team made up of 
the members of the construction team and the members of the consulting engineer’s 
team. The client did not form part of the interviews because the consulting engineer’s 
team was appointed as the project manager for all three cases and because the client did 
not form part of the project team relating to the decision-making of the concrete work on 
site. The members of the project team involved in each case were based on their concrete 
exposure and their role when making concrete work decisions. The project team for Case 
Project 1 was made up of two teams, the members of the construction (Stefanutti Stocks 
Civil KZN) and the members of the consulting engineer’s teams (Aurecon), for Case 
Project 2 was made up of two teams also, the members of the construction team (Raubex 
Construction) and the members of the consulting engineer’s teams (Worley Parson RSA). 
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Case Project 3 was made up of one team, Khato Consortium, as the project is a turnkey 
contract. 
 
Table 3.3 indicates the research sample of 22 interviewees in all three Case Projects. 
Signed confidentiality clauses mean that the names of participants of the study remain 
anonymous, but their job titles have been retained for reference purposes. For Case 
Projects 1 and 2, the members of the construction and consulting engineer’s teams 
interviewed were organised by the construction manager, while for Case Project 3, the 
project manager organised the project team members to be interviewed.  
 
Table 3.3: Research Sample 
Project Cases The Project Team 
 
Response 
(No) 
Rate 
(%) 
Members of the 
construction 
team 
Members of the 
consulting 
engineer’s team 
Project Case 1: 
New North-Eastern 
Waste Water Treatment 
Works 
1. (2) Construction 
managers 
2. (2) Site 
engineer 
3. (1) Quantity 
surveyor 
4. (1) Foreman 
1. (3) Resident 
engineers 
9 41% 
Project Case 2: 
N8 Road Rehabilitation: 
Bloemfontein to 
Sannaspos: Bridge no, 
B286 (A & B): 
1. (2) Construction 
managers 
2. (2) Foreman 
1. (4) Resident 
engineers 
8 36% 
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Bloemspruit River 
Bridge 
Project Case 3: 
Construction of 
MOTHEO TVET Artisan 
Development Academy 
1. (1) Project manager 
2. (1) Construction manager 
3. (1) Resident engineer 
4. (1) Quantity surveyor 
5. (1) Foreman 
5 23% 
Total interviewees 22 100% 
Source: The researcher 
 
3.8. Data Analysis and Interpretation 
 
Yin (2014:122) explained the process of analysing case study data as that it comprises 
examining, categorizing, tabulating, testing or assembling the evidence, with the aim of 
producing truthful findings. Yin also said that the researcher can start the analysing by 
playing with the data and looking for the correct design or idea to analyse the data. 
Therefore, the researcher started to analyse the data by seeking to answer the research 
sub-questions, which the study was investigating for all three cases as recommended by 
Yin (2014:134), the sub-questions which were asked were: “What are the causes of 
defects and rework in concrete task? How is the decision-making mechanism defining the 
completion of concrete task? How can the project team use CBA the decision-making 
mechanism to choose a concrete task?” 
 
Yin (2014:142) said that the researcher must have a general analytic strategy to conduct 
the case study analysis correctly. Yin explained further that the researcher could use any 
of the five analytic techniques which include: pattern matching, explanation building, time 
series analysis, logic models, and cross-case synthesis. For this study, the researcher 
adopted cross-case synthesis as recommended by Yin (2014:164). Cross-case analysis 
is applicable to the analysis of multiple cases, which suits this study as the data were 
collected from three cases making this study a multiple-case design, which are described 
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in Table 3.1 and 3.3. In all three cases, the evidence shows how critical the project team 
decision-making process is when working with the concrete task and that there is 
similarity in the results from all three cases. 
 
3.9. Ethical Considerations 
 
Ethics is defined as the science of morals, and morals covers the important beliefs of 
people over what is right and wrong (Fellows & Liu, 2008: 247). Because research is built 
on the continuance of human knowledge, the ethical integrity was a key consideration in 
undertaking this research study. The research study follows the general ethical issues 
that it did not intend to harm, humiliate, or expose the dishonesty of the any professional 
members in the construction industry.  
 
3.10. Chapter Summary 
 
The aim of this study was to investigate the project team decision-making process when 
working with the concrete task. Three case studies were selected for this study and the 
researcher adopted semi-structured interviews and on-site observation to collect the data 
for this study. The participants interviewed were selected based on their knowledge and 
roles they placed when working with the concrete task. The data collected were analysed 
by adopting a cross-case synthesis, because the study was made of multiple case design. 
The study adopted three key components namely: concrete defects and rework, the 
decision-making mechanism, and CBA applications.  
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CHAPTER 4: DATA COLLECTION 
 
4.1. Introduction 
 
This chapter presents the summary of the data collected from Case Project 1, 2 and 3. 
The data were collected through semi-structured interviews and confirmed through direct 
observations. In each Case Project, the researcher presented the background study to 
the interviewees, particularly the application of CBA method in the construction industry. 
The presentation of the data from the field work follows the postulated research questions 
in a chronological order. The order includes:  
 What are the causes of defects and rework in the concrete task? 
 How is the decision-making mechanism defining the completion of concrete task?  
 How can the CBA decision-making mechanism be used to eliminate the extent of 
defects and reworks in the concrete task? 
 
4.2. Case 1: New North-Eastern Waste Water Treatment Works (NE-WWTW)  
 
Figure 4.1 shows a Bio-Reactor Structure, which forms part of the concrete structure in 
the NE-WWTW. The project is in Bloemfontein and belongs to the Mangaung Metro 
Municipality. The purpose of this project is to relieve the load of the existing plant, 
Bloemspruit Waste Water Treatment Work (known as NEWWTW) because it is currently 
hydraulically overloaded. The first phase of the project started in February 2013 and is 
currently running on phase 2, which is expected to be completed in 2016. The NE-WWTW 
is the largest project to be carried out by the Mangaung Metro Municipality and the scope 
of works makes it to be one of the largest projects to be carried out in the Free State.  
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Figure 4.1: New North Eastern Waste Water Treatment Works (Source: the researcher) 
 
There are concrete structures forming the scope of work for this project. Some of them 
include flow division and collection chambers, boundary fencing, main access and internal 
roads, landscaping, and construction of earth-retaining walls. The scope of work includes: 
 New inlet works including screw pump lifting station, mechanical screening, grit 
removal structures and flow measurement 
 Biological reactor comprising anoxic and aerobic zones as well as internal recycling 
streams 
 Two 35-metre diameter secondary setting tank (SSTs) 
 A chlorination tank 
 A buffer pond 
 Treated sewage effluent outfall including a concrete channel and pipeline to the 
Bloemspruit River 
 An emergency overflow pond downstream of the inlet works 
 Three concrete-lined sludge lagoons 
 A pump station that will pump raw activated sludge (RAS) to the biological reactor 
and waste-activated sludge (WAS) to the sludge lagoons 
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 A wash-water pump station to relay treated effluent to various locations 
 Buildings, including a two-storey MCC building, an emergency generator building, an 
administration building, and a new chlorine-dosing building. 
 
The research sample for this case study included the members of the construction and 
consulting engineer’s teams (resident engineers). A total of nine (9) interviews were 
conducted as stipulated in the case sample in Table 3.2. 
 
Table 4.1: Case 1: Project Information 
Project Team Descriptions 
Client Mangaung Metro Municipality 
Consulting Engineers Aurecon  
Contractor Stefanutti Stocks Civil KZN 
Case Project 1 New North-Eastern Waste Water Treatment 
Works (NE-WWTW) (Civil Construction): 
Contract W0903A 
Source: The researcher 
 
Having provided the background information of this project, sections 4.2.1 to 4.2.3 show 
the interviewees’ perceptions on a range of defects and rework, decision-making 
mechanism, and CBA application issues on the project. 
 
4.2.1 Concrete Defects and Rework 
 
The semi-structured interviews were conducted with the members of the construction 
team (two construction managers, two site engineers, one foreman, and one site quantity 
surveyor) and consulting engineers (three resident engineers) to investigates the first sub 
questions which asked “What are the causes of defects and rework in the concrete task?”  
 
Table 4.2 below outlines the responses of the interviewees. The members of the 
construction teams (Stefanutti Stocks Civil KZN) specified that their aim was to carry out 
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the construction work per the specification and scope of works and to the satisfaction of 
the client’s (Mangaung Metro Municipality) needs. Furthermore, the members of the team 
said that they did not subcontract any works relating to concrete works. Again, the project 
team (contractor and consultant) said that they have both acquired extensive knowledge 
and experience from this water treatment project.  
 
Table 4.2: Case 1: Concrete Defects and Rework 
Elements 
(Questions) 
Response Response 
(NO) 
1. What is the definition 
of concrete defects? 
 Defects are the blunders which shows up on 
the concrete surface because of poor 
concrete management. 
 Such blunders are either, cracks, blister, and 
honey combing. 
7 
2. What is the definition 
of concrete rework? 
 Rework is the rectification of blunders which 
might either be cracks, blister, and honey 
combing on the concrete surface. 
7 
3. Based on your 
concrete task 
experience, what are 
the causes of defects 
and rework? 
 Defects is caused by deprived experience 
and working relationship between the 
foreman and labourers. 
 By poor programme planning (rushing to 
complete task or to reach the deadline of the 
project). 
 By deprived leadership skill of the foreman. 
 By construction team members who does not 
have the required skill and knowledge to set 
up the formwork and to read the drawing 
plans. 
 Failure to design concrete mix design or 
strength per the purpose of the structure. 
9 
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4. Based on your 
concrete task 
experience, what are 
the components 
influencing the 
manifestation of 
defects and rework? 
 Neglecting to vibrate the concrete adequately 
 Failure to oversee the quality control of the 
concrete  
 Neglecting to set up the formwork per the 
design process of the structure. 
 Designing poor method statement for the 
project  
9 
5. Based in your 
concrete task 
experience, which 
methods should be 
used to measure 
defects? 
 Taking the slump test and cube test before 
placing the concrete for all trucks delivering 
the concrete. 
 Finishing the concrete immediately after 
placing and curing the concrete by wrapping 
it with plastic to prevent moisture from 
evaporating. 
 Adopting South African National Standard 
(SANS), SANS 5850-2 and presenting it to 
the labourers. 
7 
6. In your opinion, what 
should be done to 
prevent defects and 
rework in concrete 
task? 
 Designing effective method statement for 
the project in advance. 
 A residential engineer should be present on 
site 24/7 to inspect any activity taking place 
relating to the concrete works. 
 Concrete mix design must be designed per 
the standard and purpose of the project. 
 The concrete must be tested appropriately 
before placing the concrete per truck 
delivery 
 The concrete must be vibrated and cured 
correctly 
7 
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 The formwork must be inspected prior from 
placing the concrete 
Source: The researcher 
 
4.2.3 Decision-Making Mechanism 
 
Table 4.3, outline the responds of the interviewees regarding the second sub-questions 
which asked: “How is the decision-making mechanism defining the completion of concrete 
task?” However, the members of the construction teams stated that their decision-making 
is influenced by the function (methods), cost and period. The members of the consulting 
engineer’s team stated that critical decisions are forwarded or transferred to the senior 
manager and that all decision-making is recorded and filed as a proof of evidence in the 
project file. 
 
Table 4.3: Case 1: Decision-Making Mechanism 
Elements (questions) Response Responses 
(NO) 
1. Which decision-
making methods do 
you use in your firm? 
 The concrete decision is influenced by 
the quality, money and time of the 
project. 
 The project specification and method 
statement plan influence the contractor’s 
decision to use ready-mixed concrete. 
 The construction team’s decision is 
influenced by the design standard and 
requirements of the project. 
6 
2. In general, how have 
you implemented 
your decision-making 
methods, especially 
 The ready-mixed concrete was chosen 
based on the risk assessment plan and 
methods statement which was prepared 
during the tendering stage of the project. 
6 
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when working with 
the concrete task? 
 The decision to choose ready- mixed 
concrete was influenced by the purpose 
and the strength design of the structure, 
which supported the contractor’s 
decisions. 
3. Do you involve other 
teams (consulting 
profession, suppliers, 
client and contractor), 
to participate in the 
decision-making of 
the project? 
 Residential engineers form part of critical 
decision-making process relating to 
structural design change. 
 Sub-contractors who might be affected 
by the concrete decision form part of the 
team decision, 
 The main contractor, client and 
consulting engineer form part of the 
decision-making team relating to the 
amendments of the structural design. 
9 
4. Which steps do you 
follow when 
implementing the 
decision-making 
methods? 
 Designing cost and time-breakdown 
event to measure decision-making steps 
or risks. 
 Consulting with the concrete batching 
supplier and consulting engineer relating 
to the concrete decision. 
 Investigating or studying the design 
requirements from the drawing plans. 
9 
5. In your opinion, do 
you find it useful to 
use any decision-
making methods? 
 It is useful, because It helps the project 
teams to select a decision which adds 
value to the project and the team. 
 Concrete works are very critical and the 
decision taken affects all the party 
involved in the construction; it is the 
responsibility of the contractor to discuss 
7 
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the concrete decision with the consulting 
engineer to avoid project errors. 
Source: The researcher 
 
4.2.4 CBA Application  
 
The researcher aimed to answer the third research sub-question, which asked: “How can 
the project team use the CBA decision-making mechanism to choose a concrete task?”, 
so a case study method was used to answer this question following the guideline by Yin 
(2014). The project team made up of the members of the construction team and the 
members of the consulting engineer’s team formed part of this study in creating a CBA 
application for this case.  
 
The researcher studied the literature to understand the concept of the decision-making 
process used in the construction industry. Later, the researcher studied the impacts of 
CBA method on project delivery and performance, and how a CBA method affects the 
performance of the project team. The project was identified and the details of the project 
were retrieved from the Mangaung Metropolitan database. The researcher introduced the 
CBA application through discussions and questions aided by presentation to the project 
team. In addition, the researcher presented the relevant information for the decision-
making process, the process for obtaining the information, and assumptions behind the 
data presented. 
 
After the CBA presentation, the semi-structured interviews were conducted with the 
project team to investigate their decision-making process when choosing the concrete 
type specifically within their project. From the meeting with the project team the 
researcher could identify the two alternatives (ready-mixed concrete and site-batched 
concrete). Furthermore, the project team identified the relevant factors, criteria and 
attributes for this study. Lastly, the project team determined the importance of advantages 
score (IofA) though a scale of 0 to 100. 
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However, the members of the construction team had already chosen 35 MPa ready-mixed 
concrete for the Case Project. The researcher decided to use the Tabular Method (TM) 
for this case, because of the scope of the project and the fact that cost is very critical 
when working with the concrete task.  
 
The steps adopted by the researcher when choosing the concrete type for this Case 
Project 1 follow the proposal of Arroyo et al. (2014: 393), as indicated in Chapter 2, Figure 
2.2.  
 
1. Step 1: Identification of Alternatives in Case 1 
 
The project team advised the researcher to judge between two concrete alternatives 
commonly used in Bloemfontein. The alternatives are ready-mixed concrete and site-
batched concrete. Figure 4.2 shows the ready-mixed concrete truck which was used to 
supply ready-mixed concrete to site, and is alternative 1 for this case. While, Figure 4.3 
shows the site-batch plant installed at the construction site to supply site-batched 
concrete and is alternative 2 for this case.   
 
Figure 4.2 Ready-mixed concrete (Alternative 1) (Source: the researcher) 
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Figure 4.3 Site-batched Concrete Plant (Alternative 2) (Source: the researcher) 
 
2. Step 2: Description of Factors in Case 1 
 
The project team identified and defined 11 factors that the researcher adopted in this 
step. These factors were used to judge the attributes within the alternatives.  
 
Table 4.4: Description of factors in Case 1 
Factors Description  
1. Quality Control The procedure intended to ensure that a mixed concrete adheres 
to the mix design and compressive strength designed by the 
structural engineers 
2. Workability The conditions of freshly mixed concrete which determines the 
procedure by which the concrete can be mixed, placed, 
consolidated and finished 
3. Site Supervision Responsible to manage, oversee or control the activity of concrete 
works on site. 
4.Compressed 
strength 
The capacity of concrete material to withstand loads tending to 
reduce size, as opposite to tensile strength. 
5. Formwork The temporary structure used to contain poured concrete until it 
settles to adopt the designed shape. 
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6.Concrete 
placement 
The method used to pour or place concrete on site. 
7.Concrete 
compaction 
The technique used to remove or expel the trapped air in the 
concrete, either by hand or mechanical compaction. 
8. Labourer Are workers employed to work with concrete task on the project 
9.On-site 
transportation 
The procedure used to transfer the concrete from either the 
mixing plant or ready mixed track to the site. 
10. Concrete Curing The procedures in which concrete is protected from loss of 
moisture and kept within reasonable temperature range to allow 
the concrete to reach its designed strength. 
 
11 Health and 
Safety (OHS) 
The laws which entitles the workers to work in environment where 
risk to the OHS are properly controlled 
Source: The researcher 
 
3. Steps 3 and 4: Summary of the Criteria and Attributes in Case 1 
 
The project team weighted and explained the purpose of each factor within alternatives. 
Furthermore, they explained how the factors reveal major differences among alternatives. 
The project team helped the researcher to summarise the criteria and attributes within the 
alternatives as outlined in Table 4.5. 
 
Table 4.5, Summary of Criterion and Attributes of Concrete Type in Case 1 
Factors Criterion Attributes Responses 
(No) 
Ready-mixed 
concrete 
Site-batched 
concrete 
 
Quality Control Easier is 
better 
The slump test and 
cube test are taken 
Concrete mix 
design and 
aggregates must 
4 
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before placing the 
concrete 
be inspected 
before batching 
and slump test 
and cube test 
must be taken 
before placing the 
concrete 
Workability Faster is 
better 
It takes 25 minutes 
to prepare 6 cubes 
of concrete 
It takes 55 
minutes to prepare 
6 cubes of 
concrete 
9 
Site Supervision Fewer is 
better 
It requires one (1) 
supervisor to 
monitor the concrete 
It requires two (2) 
supervisors to 
monitor the 
concrete 
9 
Compressed 
strength 
Higher is 
better, 
minimum 
strength is 
35 MPa 
35 MPa designed 
strength and are 
crushed 7 and 28 
days after 
placement 
35 MPa designed 
strength and are 
crushed 7 and 28 
days after 
placement 
9 
Formwork Stronger 
is better 
The formwork 
shutter must be 
installed adequately 
and not kicked out 
by concrete 
The formwork 
shutter must be 
installed 
adequately and 
not kicked out by 
concrete 
8 
Concrete 
placement 
Faster is 
better 
It takes 10 minutes 
to place concrete 
per cube 
It takes 20 
minutes to place 
concrete per cube 
8 
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Concrete 
compaction 
Slower is 
better 
It takes 10 minutes 
to compact concrete 
per cube 
It takes 10 
minutes to 
compact concrete 
per cube 
8 
Labourer Fewer is 
better 
It requires 3 
labourers to work 
with concrete per 
cube 
It requires 8 
labourers to work 
with concrete per 
cube 
8 
On-site 
transportation 
Faster is 
better 
It takes 5 minutes to 
move concrete from 
the truck to the 
placing area 
It takes 15 
minutes to move 
concrete from the 
batch station to 
the placing area 
8 
Concrete Curing Slower is 
better  
It takes 7 days for 
the concrete to 
reach its potential 
strength 
It takes 7 days for 
the concrete to 
reach its potential 
strength 
8 
Health and 
Safety (OHS) 
Lower risk 
is better 
The risk of health 
and safety to 
workers is low  
The risk of health 
and safety to 
workers is low 
5 
Source: The researcher 
 
4. Steps 5 and 6: Choosing the advantages and importance of advantages in Case 1 
 
From the information, which was presented from Step 1 to Step 4, the project team and 
the researcher could conclude Steps 5 and 6 by choosing the advantages of attributes 
within alternatives, and the importance of advantages (IMP) was determined by the 
project team through a scale of 0 to 100 as described in Table 4.7. The highlighted 
attributes have the advantage over the other attributes of the alternative. The CBA 
method is determined by the advantages between alternatives. The preferred attribute is 
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determined by the advantage between attributes of two alternatives. The advantages 
between alternatives is calculated per this formula: 
 
𝐀 = (𝑷𝑨 − 𝑳𝑷𝑨) 
 A: Advantages 
 PA: Preferred Attributes 
 LPA: Least Preferred Attributes 
Equation 4.1: Advantages Calculation Formula (source: Arroyo et al, 2014: 77) 
 
An example of how the advantages between alternatives were calculated: 
 Factors: Site Supervision 
 Criterion: Fewer is better 
 Attributes:  Alternative 1: It requires 1 supervisor to monitor the concrete. 
Alternative 2: It requires 2 supervisors to monitor the concrete. 
 
Calculation of the advantages for Alternative 1 
A = (PA-LPA) 
 A =? 
 PA = 1 supervisor 
 LPA: 2 supervisors 
 
A = (1-2)  
Adv.= 1 supervisor 
 
Calculation of the advantages for Alternative 2 
A = (PA-LPA) 
 A =? 
 PA = 1 supervisor 
 LPA: 1 supervisor 
 
A = (1-1)  
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Adv.= 0 supervisor 
 
Note: The calculations are based on the criterion rule of the factors; in this example the 
fewer the site supervisors the better. This is the reason why alternative 1 has a better 
result than alternative 2 judging from the alternatives attributes. 
 
Table 4.6, CBA Application Steps in Case 1 
  Alternative 1 
Ready mixed concrete 
Alternative 2 
Site batched concrete 
Factors 1. Quality 
Control 
  
Criterion Easier is better   
Attributes  The slump test and cube 
test are taken before 
placing the concrete 
Concrete mix design 
and aggregates must 
be inspected before 
batching and slump test 
and cube test must be 
taken before placing the 
concrete 
Advantages  Adv: Over 
Alternative 
2 
Imp: 50 Adv: No Imp: 25 
Factors 2. Workability   
Criterion Faster is better   
Attributes  It takes 25 minutes to 
prepare 6 cubes of 
concrete 
It takes 55 minutes to 
prepare 6 cubes of 
concrete 
Advantages  Adv: 30 Imp: 60 Adv: 0 Imp: 45 
Factors 3. Site 
Supervision 
  
Criterion Fewer is better   
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Attributes  It requires one (1) 
supervisor to monitor the 
concrete 
It requires two (2) 
supervisor to monitor 
the concrete 
Advantages  Adv: 1 Imp:20 Adv: 0 Imp: 10 
Factors 4. Compressed 
strength 
  
Criterion Higher than 35 
Mpa 
  
Attributes  35 Mpa designed 
strength and are crushed 
7 and 28 days after 
placement 
35 Mpa designed 
strength and are 
crushed 7 and 28 days 
after placement 
Advantages  Adv: Not 
comparable 
Imp: 50 Adv: Not 
comparable 
Imp: 50 
Factors 5. Formwork   
Criterion Stronger is better   
Attributes  The formwork shatter 
must be installed 
adequately and not 
kicked out by concrete 
The formwork shatter 
must be installed 
adequately and not 
kicked out by concrete 
Advantages  Adv: Not 
Comparable 
Imp: 50 Adv: Not 
Comparable 
Imp: 50 
Factors 6. Concrete 
placement 
  
Criterion Faster is better   
Attributes  It takes 10 minutes to 
place concrete per cube 
It takes 20 minutes to 
place concrete per cube 
Advantages  Adv: 10 Imp: 70 Adv: 0 Imp: 35 
Factors 7. Concrete 
compaction 
  
Criterion Slower is better   
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Attributes  It takes 10 minutes to 
compact concrete per 
cube 
It takes 10 minutes to 
compact concrete per 
cube 
Advantages  Adv: Not 
Comparable 
Imp: 50 Adv: Not 
Comparable 
Imp: 50 
Factors 8. Labourer   
Criterion Fewer is better   
Attributes  It requires 3 labours to 
work with concrete per 
cube 
It requires 8 labours to 
work with concrete per 
cube 
Advantages  Adv: 5 Imp: 90 Adv: 0 Imp: 35 
Factors 9. On-site 
transportation 
  
Criterion Faster is better   
Attributes  It takes 5 minutes to 
move concrete from the 
truck to the placing area 
It takes 15 minutes to 
move concrete from the 
batch station to the 
placing area 
Advantages  Adv: 10 Imp: 60 Adv: 0 Imp: 20 
Factors 10. Concrete 
Curing 
  
Criterion Slower is better   
Attributes  It takes 7 days for the 
concrete to reach its 
potential strength 
It takes 7 days for the 
concrete to reach its 
potential strength 
Advantages  Adv: Not 
comparable 
Imp: 100 Adv: Not 
comparable 
Imp: 100 
Factors 11. Health and 
Safety (OHS) 
  
Criterion Lower risk is 
better 
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Attributes  The risk of health and 
safety to workers is low 
The risk of health and 
safety to workers is low 
Advantages  Adv: Not 
comparable 
Imp: 100 Adv: Not 
comparable 
Imp: 100 
Sum of IofA   700  520 
Source: The researcher 
 
The Importance of advantages (IofA) is determined by the project team through a scale 
of 0 to 100, where 100 is given to the most important advantages. To give the IofA to 
other advantages, the researcher compared the advantages (Adv.) to the most important 
advantage (Imp). Next the researcher calculated the sum of the IofA of each alternative. 
The results show that Alternative 1 (Ready-mixed concrete) has higher IofA. 
 
5. Step 7: Case 1, Evaluate concrete cost data 
 
The decision-maker can compare the IofA vs. cost of the alternatives (CoA) in the figure 
below. 
 
 
Figure 4.4: IofA vs. CoA (Source: the researcher) 
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Based on Figure 4.4, the researcher asked the project team, especially the members of 
the construction team, if it is worth paying an amount between R3 000.00 to R3 500.00 
for 35 MPa ready-mixed concrete per cube, instead of paying an amount between R2 
000.00 to R2 500.00 for 35 MPa site-batched concrete per cube. The project team stated 
that even though they could cut costs by choosing site-batched concrete, there are factors 
which cannot be ignored when using site-batched concrete; wastage and theft of 
materials, handling and storage of materials, labourers, plant hire and plant operation, 
supervision, and site transport equipment. All these factors need money to be maintained 
and they can be avoided through ready-mixed concrete. Again ready-mixed concrete is 
subject to SANS 878 requirement, and the concrete supplier was approved by the South 
African Ready-mix Association (SARM). SANS 878 compels the ready- mixed company 
to transport the concrete to the site within the permissible range of slump for a period of 
30 minutes from the arrival at the site. 
 
4.2.5 Case1: On-Site Concrete Observation  
 
For the researcher to get an understanding of how the construction team handled 
concrete on site, an observation checklist was carried out by the researcher and the 
construction team was aware of and recognised the goal of the researcher. The 
observation items checked were rated either Yes or No with the actions carried out. 
 
Table 4.7: On-site concrete observation in Case 1 
Items to be checked Yes No Actions 
1. Is the ground surface perfectly 
stabilised and compacted? 
Yes  Imported gravel (G6) was placed 
and perfectly compacted using a 
Bomag roller by the labourers 
under the supervision of the 
foreman 
2. Is the formwork restrained against 
movement in all directions? 
Yes  The supporting timber was 
connected to the formwork and 
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screwed to the concrete floor to 
permit the movement of the 
formwork 
3. Is the formwork correctly aligned and 
levelled? 
Yes  The dumpy level was used to 
align and level the height of the 
formwork by the foreman. 
4. Are all stopping ends properly 
secured? 
Yes  The formwork was closed with a 
rubber band to prevent the 
concrete from passing the edge of 
formwork 
5. Are all joints properly sealed? Yes  Waterproofing sealant was 
applied to seal the concrete joints 
made up of rubber. 
6. Are the forms clean and free of dust? Yes  The formworks are cleaned and 
thin oil is applied before 
installation 
7. Is reinforcement firmly fixed? Yes  The reinforcements are tied 
together with galvanised wire 
8. Is there enough spacer and 
positioned correctly? 
Yes  The mesh wire or steel 
reinforcement are set on top of 
spacer made up of PVC pipes  
9. Are all kicker bars straight and 
correctly positioned?  
Yes  The kicker bars are aligned by the 
foreman using a spirit level 
10. Is there sufficient access for placing 
concrete and concrete truck to move 
around the site? 
Yes  The labourers are working in an 
open environment, are walking 
without putting themselves in 
danger and the truck is stationed 
in an open environment. 
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11. Is there adequate access for 
concrete compaction? 
Yes  Poker vibrator is used to vibrate 
the concrete and is stationed 
close to the structure 
12. Are concrete curing materials 
available? 
Yes  The placed concrete is covered or 
wrapped with plastic to prevent 
moisture from evaporating 
13. Is concrete divided into panels or 
blocks to allow concrete movements? 
Yes  The concrete is placed in blocks 
and expansion boards are 
installed. 
14. Is placing of concrete consistently 
done? 
Yes  Ready-mixed trucks are delivering 
the concrete to the site 
consistently per the order 
requested by the foreman. 
15. Are the construction workers 
adhering to the Health and Safety 
regulations (use of PPE)? 
Yes  The workers are responding 
positively to the H&S regulations; 
they are wearing their personal 
protective clothes. 
Source: The researcher 
 
The pictures below illustrate the way the construction team handled concrete on site. 
They act as a source of reference to the interviewees’ responses and observation results. 
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Figure 4.5: case 1, Observation pictures (source: the researcher) 
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4.3. Case 2: N8 Road Rehabilitation: Bloemfontein to Sannaspos: Bridge no. B286 
(A & B): Bloemspruit River Bridge (BRB) at km 7.61 
 
Figure 4.7 shows a picture of the bridge which forms part of the concrete structure which 
is investigated for the Case Project 2. This N8 Road Rehabilitation project from 
Bloemfontein to Sannaspos is in the Bloemfontein area. This project was founded and 
organised by the leading road agency in South Africa, The South African National Road 
Agency SOC Limited (SANRAL). The project is divided into two phases; the first (1) phase 
started on December 2013 and was completed on June 2016. It is for the upgrading and 
rehabilitation of the 28 km stretch between Sannaspos and Thaba Nchu. and is estimated 
at R463 000 000.00 (million). The second (2) phase started in October 2014 and is due 
for completion on January 2017. It is for the upgrading and rehabilitation of the 24 km 
stretch between Bloemfontein and Sannaspos and it is estimated at R461 000 000.00 
(million). This case study is based on the phase 2 project, the construction of the double 
bridge, Bridge no, B286 (A & B): Bloemspruit River Bridge (BRB). The purpose of this 
double bridge project is to prevent the waterway from flooding the roadway during the 
rainy season or heavy storms. 
 
The existing bridge was demolished to construct a new double bridge, which will be longer 
than the existing bridge, and the centreline position is also shifted to better tie in with the 
existing river and erosion pattern. The new bridge includes a continuous 4-span 400 skew 
normal reinforced solid deck with haunches to the central pier. Both piers and abutments 
are integral with the deck. The bridge thus has no joints or bearings. The wing walls are 
cantilever type, with front batters. All foundations are shallow footings in rock. 
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Figure 4.6: N8 Road Rehabilitation: Bloemfontein to Sannaspos (source: the researcher) 
 
The data collected from this case study were from two teams, the members of the 
construction team (Raubex Construction) and the members of the consulting engineer’s 
team (Worley Parson RSA) through semi-structured interviews and direct observations. 
A total number of eight (8) interviews were conducted for this case: two construction 
managers, two foremen and four resident engineers (RE). 
 
Table 4.8: Project Information in Case 2 
Project Team Descriptions 
Client The South African National Road Agency SOC 
Limited (SANRAL) 
Consulting Engineers Worley Parson RSA 
Contractor Raubex Construction  
Case Project 2 N8 Road Rehabilitation: Bloemfontein to Sannaspos: 
Bridge no, B286 (A & B): Bloemspruit River Bridge 
(BRB) at km 7.61 
Source: The researcher 
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Having provided the background information of this project, sections 4.3.2 to 4.3.4 show 
the interviewees’ perceptions on a range of defects and rework, the decision-making 
mechanism and CBA application issues on the project. 
 
4.3.1 Concrete Defects and Rework 
 
Table 4.9 outlines the undeveloped causes of defects and rework relative to the 
interviewees’ responses to answer the first sub-question which asked “What are the 
causes of defects and rework in the concrete task?” However, both the members of the 
construction team and consulting engineer’s team said the outcomes of concrete defects 
bring nightmares to the construction industry, especially to the project team because they 
must be able to provide answers to all technical questions relating to concrete works. 
 
Table 4.9: Concrete Defects and Rework in Case 2 
Elements (Questions) Response Response 
(NO) 
1. What is the definition 
of concrete defects? 
 
 Concrete defects are the effects of 
inadequate concrete produced as the result of 
incorrect quality control and mix design which 
might be influenced by the project team 
decision during the mixing and placing of 
concrete. 
3 
2. What is the definition 
of concrete rework? 
 
 Rework Is the rehabilitation of the 
concrete surface which failed to meet its design 
standard per specifications. 
3 
3. Based on your 
concrete task 
experience, what are 
the causes of defects 
and rework? 
 Failure by the foreman and labourers to 
take reasonable care of the concrete works. 
 Failure by the foreman or supervisor to 
install the formwork or shutters properly and to 
vibrate and finish the concrete correctly 
8 
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 Wrong mix design which makes the 
concrete to dry faster especially during the 
summer season because of high temperature 
of the sun. 
4. Based on your 
concrete task 
experience, what are 
the components 
influencing the 
manifestation of 
defects and rework? 
 
 Poor formwork or shuttering design 
 Failure to place, vibrate and finish the 
concrete consistently per placing 
 Lack of knowledge or poor methods 
adopted to cure the concrete after placing. 
6 
5. Based in your 
concrete task 
experience, which 
methods should be 
used to measure 
defects? 
 
 Taking visual approved concrete tests 
such as slump test and cube test per concrete 
delivery and after 7 and 28 days the cubes will 
be crushed at the laboratory. 
8 
6. In your opinion, what 
should be done to 
prevent defects and 
rework in the 
concrete task? 
 
 The project team should gain 
knowledge of concrete works and should be 
introduced to the new concrete methods. 
 The construction team working with 
concrete must follow the basic procedures 
such as making the concrete test per concrete 
delivery, compacting the ground surface 
accurately, installing the formwork accurately, 
vibrating and finishing the concrete accurately. 
6 
Source: The researcher 
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4.3.2 Decision-making Mechanism 
 
Table 4.10 outline the responses of the interviewees regarding the second sub-question 
which asked “How is the decision-making mechanism defining the completion of concrete 
task?” However, both the members of the construction and the consulting team tend to 
agree that decision-making on the project is influenced by the project value and scope. 
 
Table 4.10: Decision-making Mechanism in Case 2 
Elements (Questions) Response Responses 
(NO) 
1. Which decision-making 
methods do you use in 
your firm? 
 
 The contractor’s team states that they do 
not have a specific or defined method 
which they use to make decisions, but 
the concrete decision was influenced by 
the cost and feasibility of the bridge 
construction  
 The engineer’s team states that they do 
not have a specific or defined method, 
but the decisions which they have 
chosen during the bridge design was 
influenced by the applied load of the 
structure, e.g. number and weight of 
vehicles to travel across the bridge and 
the purpose of the bridge.  
6 
2. In general, how have 
you implemented your 
decision-making 
methods, especially 
when working with the 
concrete task? 
 
 The engineer’s team states that the 
designed strength ratio of the bridge is 
determined by the type of concrete (mix 
design) to be used for the project 
 The contractors’ team states that their 
decision to use ready-mixed concrete 
4 
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was influenced by their risk assessment 
plan. 
3. Do you involve other 
teams (consulting 
profession, suppliers, 
client and contractor), 
to participate in the 
decision-making of the 
project? 
 
 The residential engineers, the contractor 
and client representative discuss the 
project decision, because the decisions 
on the project must be approved by the 
entire project team. 
6 
4. Which steps do you 
follow when 
implementing the 
decision-making 
methods? 
 
 The engineers team states that they 
calculated the amount of traffic for N8, 
they reviewed the previous design, and 
thereafter they designed the project 
specification and regulation 
 The contractor’s team states that they 
discussed their construction methods, 
relating to concrete works with the 
residential engineers on site. 
5 
5. In your opinion, do you 
find it useful to use any 
decision-making 
methods? 
 
 The contractors team said it is useful, 
because different decision methods help 
the project team to compare the project 
results and to obtain the most effective 
option 
 The engineers’ team said it is not useful, 
because the consultants take 
responsibility for the design and 
specification of the project only. 
5 
Source: The researcher 
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4.3.4 CBA Application  
 
The researcher aimed to answer the third research sub-question, which asked “How can 
the project team use the CBA decision-making mechanism to choose a concrete task?” 
The researcher studied the literature to understand the concept of the decision-making 
process used in the construction industry. Later, the researcher studied the impacts of 
the CBA method on project delivery and performance, and how a CBA method affects the 
performance of the project team. The project was identified and the details of the project 
were retrieved from the SANRAL database. The researcher introduced the CBA 
application through discussions and questions aided by presentation to the project team. 
In addition, the researcher presented the relevant information for the decision-making 
process, the process for obtaining the information, and assumptions behind the data 
presented. 
 
After the CBA presentation, the semi-structured interviews were conducted with the 
project team made up of the members of the construction and consulting engineers’ 
teams to investigate their decision-making process when choosing the concrete type 
specifically within Case Project 2. However, the project team approved the two 
acknowledged alternatives (ready-mixed concrete and site-batched concrete). 
Furthermore, the project team could identify the relevant factors, criteria and attributes for 
this study. Lastly the project team determined the importance of advantages score (IofA) 
though a scale of 0 to 100. 
 
5 Step 1: Identification of Alternatives in Case 2 
 
The project team identified two concrete alternatives which are normally used in 
Bloemfontein, namely: ready-mixed concrete (Alternative 1) and site-batched concrete 
(Alternative 2). These two alternatives are indicated in Figures 4.3 and 4.4 on pages 47 
and 57 respectively.  
 
6 Step 2: Description of the Factors in Case 2 
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The project team identified seven factors which the researcher adopted to analyse the 
alternatives of the Case Project 2. This factors are described in Table 4.11. 
 
Table 4.11: Description of Factors in Case 2 
Factors Description  
1. Quality Control Is the procedures intended to ensure that a mixed concrete 
adheres to the mix design and compressive strength designed by 
the structural engineers 
2. Consistence The mobility of the concrete, is related to the wetness of the mix. 
3. Handling concrete Refers to the methods adopted on site activities relating to 
concrete transportation, placing, compaction, finishing and curing 
4.Concrete strength Is the capacity of concrete material to withstand loads tending to 
reduce size, as opposite to tensile strength 
5. Formwork Is the temporary structure used to contain poured concrete until it 
settles to adopt the designed shape 
6. Labourer Are workers employed to work with the concrete task on the project 
7 Health and Safety 
(OHS) 
Is the law which entitles the workers to work in environment where 
risks to the OHS are properly controlled 
Source: The researcher 
 
7 Steps 3 and 4: Summary of the Criteria and Attributes in Case 2 
 
The project team weighted and explained the purpose of the factors within alternatives, 
and explained how the factors reveal significant differences among alternatives. 
Furthermore, the project team helped the researcher to summarise the criteria and 
attributes of the alternatives. 
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Table 4.12, Summary of Criteria and Attributes of the Concrete Type in Case 2 
Factors Criterion Attributes Response 
(No) 
Ready-mixed 
concrete 
Site-batched 
concrete 
 
Quality 
Control 
Easier is 
better 
Concrete quality is 
controlled by taking 
the visual approved 
concrete test (slump 
and cube test) 
Concrete quality is 
controlled by 
studying the concrete 
materials 
(aggregates, water, 
cement, etc.), next 
testing the concrete 
strength 
6 
Consistenc
e 
Faster is 
better 
The ready-mixed 
truck takes 5 
minutes to be 
parked close to the 
crane  
The truck will take 15 
minutes to get to the 
site from the batching 
plant 
6 
Handling 
Concrete 
Faster is 
better 
It takes 40 minutes 
to handle the 
concrete per six 
cubes 
It takes 55 minutes to 
handle the concrete 
per six cubes 
6 
Compresse
d strength 
Higher is 
better, 
minimum 
strength 
is 30 
MPa 
30 MPa designed 
strength and are 
crushed 7 days after 
placement 
30 MPa designed 
strength and are 
crushed 7 days after 
placement 
6 
Formwork Stronger 
is better 
The formwork 
shutter must be 
The formwork shutter 
must be aligned and 
6 
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aligned and tied 
correctly to support 
the concrete 
ted correctly to 
support the concrete 
Labourers Fewer is 
better 
It requires five 
labourers to work 
with concrete per 
cube 
It requires 10 
labourers to work 
with concrete per 
cube 
6 
Health and 
Safety 
(OHS) 
Lower 
risk is 
better 
The risk of health 
and safety to 
workers is medium  
The risk of health and 
safety to workers is 
medium 
4 
Source: the researcher 
 
8 Steps 5 and 6: Choosing the advantages and importance of advantages in Case 2 
 
From the information, which was presented from Step 1 to Step 4, the project team and 
the researcher could conclude Steps 5 and 6 by choosing the advantages of attributes 
within alternatives and the importance of advantages (Imp) was determined by the project 
team through a scale of 0 to 100 as described in Table 4.13. The highlighted attributes 
have the advantage over the other attributes of the alternative. The CBA method is 
determined by the advantages between alternatives. The preferred attribute is determined 
by the advantage between attributes of two alternatives. The advantages between 
alternatives is calculated using the formula, Equation 4.2: 
 
𝐀 = (𝑷𝑨 − 𝑳𝑷𝑨) 
 A: Advantages 
 PA: Preferred Attributes 
 LPA: Least Preferred Attributes 
Equation 4.2: Advantages Calculation Formula (Source from Arroyo et al, 2014: 77) 
 
An example of calculating the advantages between alternatives: 
Factors: Consistence 
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Criterion: Faster is better 
Attributes: Alternative 1 The ready-mixed truck takes five minutes to be 
parked close to the crane   
Alternative 2: The truck will take 15 minutes to get to the site from the batching 
plant 
 
Calculation of the advantages for Alternative 1 
𝐀 = (𝑷𝑨 − 𝑳𝑷𝑨) 
 A =? 
 PA = 5 minutes 
 LPA: 15 Minutes 
 
A = (5-15)  
Adv.= 10 Minutes 
 
Calculation of the advantages for Alternative 2 
A = (PA-LPA) 
 A =? 
 PA = 15 minutes 
 LPA: 15 Minutes 
 
A = A = (15-15)  
Adv.= 0 Minutes 
 
Note: the calculations are grounded based on the criterion rule of the factors, for this 
example the faster the members of the construction team place the concrete the better. 
This is the reason why the alternative 1 has a better result than alternative 2 judging from 
the alternative attributes. 
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Table 4.13, Choosing Concrete Type in Case 2 
  Alternative 1 
Ready mixed concrete 
Alternative 2 
Site batched concrete 
Factors  Quality 
Control 
  
Criterion Easier is better   
Attributes  Concrete Quality is 
controlled by taking the 
visual approved concrete 
test (slump and cube 
test) 
Concrete Quality is 
controlled by studying 
the concrete materials 
(aggregates, water, 
cement etc), next testing 
the concrete strength 
Advantages  Adv.: Better 
than Site-
batched 
Imp: 35 Adv.: No  Imp: 15 
Factors  Consistence   
Criterion Faster is better   
Attributes  The ready mixed truck 
takes 5 minutes to be 
parked close to the crane 
The truck will take 15 
minutes from the 
batching plant to get to 
the site 
Advantages  Adv.: 10 min Imp: 50 Adv.: 0 Imp: 20 
Factors Handling 
Concrete  
  
Criterion Fewer is better   
Attributes  It takes 40 minutes to 
handle the concrete per 
six cube 
It takes 55 minutes to 
handle the concrete per 
six cube 
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Advantages  Adv.: 15 min Imp:45 Adv.: 
Cannot be 
compared 
Imp:15 
Factors Compressed 
strength 
  
Criterion Higher than 30 
MPa 
  
Attributes  30 MPa concrete strength 
are crushed 7 days after 
placement 
30 MPa concrete 
strength are crushed 7 
days after placement 
Advantages  Adv.: Cannot 
be compared 
Imp: 40 Adv.: 
Cannot be 
compared 
Imp: 40 
Factors Formwork   
Criterion Stronger is better   
Attributes  The formwork shutter is 
aligned and stiffened to 
support the concrete 
The formwork shutter is 
aligned and stiffened to 
support the concrete 
Advantages  Adv.: Cannot 
be compared 
Imp: 100 Adv.: 
Cannot be 
compared 
Imp: 100 
Factors Labourers   
Criterion Fewer is better   
Attributes  5 labourers are needed to 
work the concrete per 
cube 
10 labourers are needed 
to work the concrete per 
cube 
Advantages  Adv.: 5 
labour 
Imp: 50 Adv.: 0 Imp: 25 
Factors Health and 
Safety  
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Criterion Lower risk is 
better 
  
Attributes  The risk of health and 
safety to workers is 
medium  
The risk of health and 
safety to workers is 
medium 
Advantages  Adv.: Cannot 
be compared 
Imp: 30 Adv.: 
Cannot be 
compared 
Imp: 30 
Sum of IofA    350  245 
Source: The researcher 
 
The Importance of advantages (IofA) is determined by the project team through a scale 
of 0 to 100, where 100 is given to the most important advantages. To give the IofA to 
other advantages, the researcher compared the advantages (Adv.) to the most important 
advantage (Imp). Next the researcher calculated the sum of the IofA of each alternative. 
The results show that Alternative 1 (Ready-mixed concrete) has higher IofA. 
 
9 Step 7: Case 1, Evaluate concrete cost data 
 
The decision-maker can compare the IofA vs. cost of the alternatives (CoA) in the figure 
below. 
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Figure 4.7: IofA vs. CoA (Source: The researcher) 
 
Figure 4.7 shows 30 MPa concrete price comparison between site-batched concrete 
which is estimated at R 2 000.00 per cubic metre, while ready-mixed concrete is estimated 
at R 2 750.00 per cubic metre. The figure shows that site-batched concrete is less 
economical compared to ready-mixed concrete. However, the project team stands by 
their decision to choose ready-mixed concrete because they believe that it cuts cost in 
the long run, while site-batched concrete requires or compels the contractor to employ a 
concrete specialist; also, there is often a problem with regards to material safety on site, 
including materials wastage, and more labourers are employed. These factors need 
money to be maintained and ready-mixed concrete helps the contractor to avoid this cost. 
Again, ready-mixed concrete reduces the construction risk for the contractor because the 
supplier is responsible for the concrete delivered or supplied to the site. 
 
4.3.5 On-Site Concrete Observation in Case 2 
 
For the researcher to get an understanding of how the members of the construction team 
handled concrete on site, an observation checklist was carried out by the researcher. The 
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members of the construction team were aware and recognised the goal of the researcher. 
The observation items checked were rated either Yes or No with the actions carried out. 
 
Table 4.14: On-site concrete observation in Case 2  
Items to be 
checked 
Yes No Actions 
1. Is the ground 
surface perfectly 
stabilised and 
compacted? 
Yes  The team blocked the river water from 
running, by creating a bypass made up of 
culverts for the river to continue to run. The 
ground was excavated until they reached the 
rocks and the rocks become a base for the 
foundation. 
2. Is the 
formwork 
restrained against 
movement in all 
directions? 
Yes  The formwork is fixed to the ground surface 
and couplers are used to lock the formwork 
3. Is the 
formwork correctly 
aligned and 
levelled? 
Yes  The dumpy level and spirit level was used to 
align and level the formwork per the 
designed plans. 
4. Are all 
stopping ends 
properly secured? 
Yes  The formwork was closed with rubber band 
to prevent the concrete from passing the 
edge of formwork. 
5. Are all joints 
properly sealed? 
Yes  Liquid sealant was applied to seal the 
concrete joints 
6. Are the forms 
clean and free of 
dust? 
Yes  The formworks are cleaned and thin oil is 
applied before installation 
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7. Is 
reinforcement 
firmly fixed? 
Yes  The reinforcement steels are tight with a 
galvanised wire to increase the tensile 
strength of the concrete. 
8. Is there 
enough spacer and 
correctly 
positioned? 
Yes  The reinforcement structure was resting on 
top of small rocks.  
9. Are all kicker 
bars straight and 
correctly 
positioned?  
Yes  The kicker bars are aligned using a spirit 
level  
10. Is there 
sufficient access 
for placing 
concrete and 
concrete truck to 
move around the 
site? 
Yes  Scaffolds are installed to help the worker to 
work without danger to themselves and there 
is an open road for trucks to deliver the 
concrete to site. 
11. Is there 
adequate access 
for concrete 
compaction? 
Yes  Two poker vibrators are placed, one in front 
and the other behind the scaffolds. 
12. Are concrete 
curing materials 
available? 
Yes  The concrete is wrapped with plastic to 
prevent moisture from evaporating 
13. Is concrete 
divided into panels 
or blocks to allow 
concrete 
movements? 
Yes  The concrete is placed in blocks and 
expansion boards are installed in every block 
and liquid sealant is applied to the joints. 
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14. Is placing of 
concrete 
consistent? 
Yes  Ready-mixed concrete trucks are delivering 
the concrete to the site consistently per the 
ordered cubes of concrete 
15. Is the 
construction worker 
adhering to the 
Health and Safety 
regulations (use of 
PPE)? 
Yes  The workers are wearing PPE on site and 
does working with height are wearing safety 
ropes. 
Source: The researcher 
 
Figure 4.8 shows the way the members of the construction team handled concrete on 
site. The pictures act as a source of evidence or reference to the interviewees’ responses 
and observation results which are recorded in section 4.3 (Case 2). 
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Figure 4.8: Case 2, observation picture (Source: The researcher) 
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4.4. Case 3: Construction of MOTHEO TVET Artisan Development Academy 
 
Figure 4.9 shows the structural building of the student workshop in the new Construction 
of MOTHEO TVET Artisan Development Academy. This project is in Vista Park, 
Bloemfontein. This project belongs to the Motheo TVET College; it is sponsored by the 
Department of Higher Education. The purpose of the project is to promote the Artisan 
Development Academy in South Africa.  
 
The contract duration for this project is 20 months, and it is estimated at a value of 
R320 000 000. The project is categorised as lecture room, workshops, offices and student 
residence. The main contractor is doing all the earthwork and most work is subcontracted 
to local contractors and supervised by the main contractor. 
 
 
Figure 4.9: Construction of Motheo TVET Artisan Development Academy (Source: The 
researcher) 
 
The project is a turnkey contract. MOTHEO TVET COLLEGE did not form part of the 
interviews because the project is designed, managed and constructed by Khato 
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Consortium on behalf of MOTHEO TVET COLLEGE. They act as the principal agent as 
well as the main contractor. Project information is detailed in Table 4.15 
 
Table 4.15: Case 1: Project Information 
Project Team Descriptions 
Client MOTHEO TVET COLLEGE 
Consulting Engineer Khato Consortium 
Turnkey Contractor Khato Consortium 
Case Project 3 Construction of MOTHEO TVET Artisan Development 
Academy 
Source: The researcher 
 
Having provided the background information of this project, sections 4.2.1 to 4.2.3 show 
the interviewees’ perceptions on a range of defect and rework, decision-making 
mechanism, and CBA application issues on the project. 
 
4.4.2 Concrete Defects and Rework  
 
Table 4.16 provides the interviewees responses with regards to the first sub-questions 
which asked “What are the causes of defects and rework in the concrete task?” 
 
Table 4.16: Concrete Defects and Rework in Case 3 
Elements (Questions) Response Response 
(NO) 
1. What is the definition 
of concrete defects? 
 
 The concrete errors such as cracks, 
honeycombing and voids which shows up 
2 
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on the concrete because of poor 
workmanship. 
2. What is the definition 
of concrete rework? 
 
 Is the reworking of the placed concrete to 
rectify the concrete errors 
2 
3. Based on your 
concrete task 
experience, what are 
the causes of defects 
and rework? 
 
 Is caused by the foreman and labourers 
through poor concrete mix design, poor 
concrete vibration and curing and long 
hours of handling concrete before placing it.  
3 
4. Based on your 
concrete task 
experience, what are 
the components 
influencing the 
manifestation of 
defects and rework? 
 
 Is influenced by construction team who lack 
knowledge or have little training in concrete 
production.  
 Poor planning to transport or order concrete 
to the site, often the construction manager 
fails to calculate the time which the 
concrete must be transported to the site 
from the ready-mix company. 
2 
5. Based in your 
concrete task 
experience, which 
methods should be 
used to measure 
defects? 
 
 Concrete test before and after placing 
through slump test and cube test. 
3 
6. In your opinion, what 
should be done to 
prevent defects and 
 Through good supervision by the 
construction manager and promoting 
3 
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rework in concrete 
task? 
 
concrete training or workshop to the 
construction team 
 By properly inspecting concrete quality 
control for all concrete delivered on site 
Source: The researcher 
 
4.4.3. Decision-making Mechanism 
 
Table 4.17 outlines the interviewees’ responses with regards to the third sub-questions 
which was asked by the researcher, “How is the decision-making mechanism defining the 
completion of concrete task?” 
 
Table 4.17: Decision-making Mechanism in Case 3 
Elements (Questions) Response Response 
(NO) 
1. Which decision-
making methods do 
you use in your firm? 
 
  The project team explained that 
construction decisions are initiated by 
the construction manager and foreman 
on site and critical decisions are drafted 
in the instruction book. 
3 
2. In general, how have 
you implemented 
your decision-making 
methods, especially 
when working with 
concrete task? 
 
 The project team explained that they 
decided to use ready mixed concrete 
because they don’t have a concrete 
specialised, batch plant and concrete 
trucks.  
 Again, they wanted to reduce the 
construction risk. 
2 
3. Do you involve other 
teams (consulting 
profession, suppliers, 
 The concrete decision is discussed with 
the subcontractors and concrete testing 
company. 
3 
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client and contractor), 
to participate in the 
decision-making of 
the project? 
 
4. Which steps do you 
follow when 
implementing the 
decision-making 
methods? 
 
 The structural engineer approves the 
decision and forward them to the site 
project manager and to the 
construction manager and to the 
foreman on site 
3 
5. In your opinion, do 
you find it useful to 
use any decision-
making methods? 
 
 The project team find it useful, because 
it helps them to reduce the project risk 
and speed up construction production. 
2 
Source: The researcher 
 
4.4.4 CBA Application  
 
The researcher aimed to answer the third research sub-question, which asked “How can 
the project team use the CBA decision-making mechanism to choose a concrete task?” 
The researcher studied the literature to understand the concept of the decision-making 
process used in the construction industry. Later, the researcher studied the impacts of 
the CBA method on project delivery and performance, and how a CBA method affects the 
performance of the project team. The project was identified and the project team shared 
the project details. The researcher introduced the CBA application through discussions 
and questions aided by a presentation to the project team. In addition, the researcher 
presented the relevant information for the decision-making process, the process for 
obtaining the information, and assumptions behind the data presented. 
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After the CBA presentation, the semi-structured interviews were conducted with the 
project team to investigate their decision-making process when choosing the concrete 
type specifically within the Case Project 3. However, the project team identified two 
concrete alternatives, namely: ready-mixed concrete and site-batched concrete. 
Furthermore, the project team identified the relevant factors, criterion and attributes for 
this study. Lastly, the project team determined the importance of an advantages score 
(IofA) though a scale of 0 to 100. 
 
4 Step 1: Identification of Alternatives in Case 3 
 
The project team identified two concrete alternatives which are normally used in 
Bloemfontein, namely: ready-mixed concrete (Alternative 1) and site-batched concrete 
(Alternative 2). These two alternatives are indicated in Figure 4.3 and 4.4   
 
5 Step 2: Description of the Factors in Case 3 
 
The project team identified 9 factors, and the researcher used these factors to analyse 
the alternatives of the Case Project 3. 
 
Table 4.18: Description of Factors in Case 3 
Factors Description  
1. Quality Control Is the procedure intended to ensure that mixed concrete adheres 
to the mix design and compressive strength designed by the 
structural engineers 
2. Formwork  Is the temporary structures used to contain poured concrete until it 
settles to adopt the designed shape 
3. Reinforcement Is the steel which is installed to increase the strength of the 
concrete through tensile strength 
4. Time of 
transporting 
concrete 
Is the procedure used to transfer the concrete from either the 
mixing plant or ready-mixed concrete truck to the site 
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5. Foremen Are the supervisors who will be issuing instruction to place the 
concrete to the labourers on site 
6 Labourers Are workers employed to work with the concrete task on the project 
7 Concrete strength The ability of the concrete to withstand the load of the building 
8.Concrete 
placement 
Is the process of placing mixed concrete in a form of designed 
shape 
9. Curing concrete The process of allowing the concrete to reach its designed strength 
in the appropriate environment 
Source: The researcher 
 
6 Steps 3 and 4: Summary of the Criteria and Attributes in Case 3 
 
The project team weighted and explained the purpose of the factors within the 
alternatives. They also explained how the factors revealed significant differences between 
the alternatives. Furthermore, the project team helped the researcher to summarise the 
criteria and attributes of the alternatives. 
 
Table 4.19, Case 1: Summary of Criteria and Attributes of Concrete Type in Case 1 
Factors Criterion Attributes Response 
(No) 
Ready-mixed 
concrete 
Site-batched 
concrete 
 
Quality 
Control 
Easier is 
better 
The quality of 
concrete is controlled 
through concrete test 
such as slump test 
and cube test 
Concrete quality is 
controlled through 
cementitious and 
aggregate properties 
(mix design), slump 
and cube test 
4 
Formwork Stronger 
is better 
The formwork must 
be aligned and strong 
The formwork must 
be aligned and 
4 
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enough to support 
the concrete  
strong enough to 
support the concrete 
Reinforcem
ent 
Stronger 
is better 
The steel must be 
installed strong 
enough to within the 
correct position  
The steel must be 
installed strong 
enough to within the 
correct position 
3 
Time of 
transportin
g concrete 
Faster is 
better 
It takes 5 minutes to 
move concrete from 
the truck to the 
placing area 
It takes 15 minutes 
to move concrete 
from the batch plant 
to the placing area 
2 
Foreman Fewer is 
better 
It requires 1 foreman 
to supervise the 
labourers 
It requires 2 foremen 
to supervise the 
plant and labourers 
3 
Labourers Fewer is 
better 
It requires 10 
labourers to work 
with concrete per 
cube 
It requires 15 
labourers to work 
with concrete per 
cube 
3 
Concrete 
strength 
Higher is 
better 
25 MPa designed 
strength and are 
crushed after 7 days 
from placement 
25 MPa designed 
strength and are 
crushed after 7 from 
placement 
2 
Concrete 
placement 
Faster is 
better 
It takes 25 minutes to 
place concrete per 6 
cubes 
It takes 35 minutes 
to place concrete per 
6 cubes 
4 
Concrete 
curing 
Slower is 
better 
The placed or cast 
concrete is cured by 
spraying water 3 
times a day for a 
period of 7 days  
The placed or cast 
concrete is cured by 
spraying water 3 
times a day for a 
period of 7 days 
4 
Source: The researcher 
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7 Steps 5 and 6: Choosing the advantages and importance of advantages in Case 3 
 
From the information, which was presented from step 1 to step 4, the project team and 
the researcher could conclude steps 5 and 6 by choosing the advantages of attributes 
within alternatives, and the importance of advantages (Imp) was determined by the 
project team through a scale of 0 to 100 as described in the table below. The highlighted 
attributes have the advantage over the other attributes of the alternative. CBA method is 
determined by the advantages between alternatives. The preferred attribute is determined 
by the advantage between attributes of two alternatives. The advantages between 
alternatives is calculated per this formula: 
 
𝐀 = (𝑷𝑨 − 𝑳𝑷𝑨) 
 A: Advantages 
 PA: Preferred Attributes 
 LPA: Least Preferred Attributes 
Equation 4.3: Advantages Calculation Formula (Source from Arroyo et al, 2014: 77) 
 
Table 4.20, Choosing Concrete Type in Case 3 
 Alternative 1 
Ready-mixed concrete 
Alternative 2 
Site-batched 
concrete 
Factors 1. Quality 
Control 
  
Criterion Easier is better   
Attributes  The quality of concrete 
is controlled through 
concrete test such as 
slump test and cube 
test 
Concrete quality is 
controlled through 
cementitious and 
aggregate properties 
(mix design), slump 
and cube test 
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Advantages  Adv.: Better 
than Site 
Batched 
Imp: 60 Adv.: No  Imp: 
50 
Factors 2. Formwork   
Criterion Stronger is better   
Attributes  The formwork must be 
aligned and strong 
enough to support the 
concrete  
The formwork must be 
aligned and strong 
enough to support the 
concrete 
Advantages  Adv.: 
Cannot be 
compared  
Imp: 40 Adv.: Cannot 
be compared 
Imp: 
40 
Factors 3. Reinforce
ment 
  
Criterion Stronger is better   
Attributes  The steel must be 
installed strong enough 
to within the correct 
position  
The steel must be 
installed strong enough 
to within the correct 
position 
Advantages  Adv.: 
Cannot be 
compared 
Imp: 65 Adv.: Cannot 
be compared 
Imp: 
65 
Factors 4. Time of 
transporting the 
concrete 
  
Criterion Faster is better   
Attributes  It takes 5 minutes to 
move concrete from the 
truck to the placing area 
It takes 15 minutes to 
move concrete from 
the batch plant to the 
placing area 
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Advantages  Adv.: 10 
minutes 
Imp:20 Adv.: 0 Imp:10 
Factors 5. Foreman   
Criterion Fewer is better   
Attributes  It requires 1 foreman to 
supervise the labourers 
It requires 2 foremen to 
supervise the plant and 
labourers 
Advantages  Adv.: 1 
Foreman 
Imp: 40 Adv.: 0 Imp: 
20 
Factors 6. Labourers   
Criterion Fewer is better   
Attributes  10 labourers are 
needed to work the 
concrete per cube 
15 labourers are 
needed to work the 
concrete per cube 
Advantages  Adv.: 5 
labourers 
Imp: 50 Adv.: 0 Imp: 
40 
Factors 7. Concrete 
strength 
  
Criterion Higher than 25 
MPa is better 
  
Attributes  25 MPa-designed 
strengths and are 
crushed after 7 days 
from placement 
25 MPa-designed 
strengths and are 
crushed after 7 days 
from placement 
Advantages  Adv.: 
Cannot be 
compared 
Imp: 70 Adv.: Cannot 
be compared 
Imp: 
70 
Factors 8. Concrete 
placement 
  
Criterion Faster is better   
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Attributes  It takes 25 minutes to 
place concrete per 6 
cubes 
It takes 35 minutes to 
place concrete per 6 
cubes 
Advantages  Adv.: 10 
minutes 
Imp: 60 Adv.: 0 Imp: 
60 
Factors 9. Concrete 
curing 
  
Criterion Slower is better   
Attributes  The placed or cast 
concrete is cured by 
spraying water 3 times a 
day for a period of 7 
days  
The placed or cast 
concrete is cured by 
spraying water 3 times 
a day for a period of 7 
days 
Advantages  Adv.: 
Cannot be 
compared 
Imp: 100 Adv.: Cannot 
be compared 
Imp: 
100 
Sum of IofA    480  455 
Source: The researcher 
 
The Importance of advantages (IofA) is determined by the project team through a scale 
of 0 to 100, where 100 is given to the most important advantages. To give the IofA to 
other advantages, the researcher compared the advantages (Adv.) to the most important 
advantage (Imp). Next the researcher calculated the sum of the IofA of each alternative. 
The results show that Alternative 1 (Ready-mixed concrete) has higher IofA. 
 
8 Step 7: Case 1, Evaluate concrete cost data 
 
The decision-maker can compare the IofA vs. cost of the alternatives (CoA) in the figure 
below. 
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Figure 4.10: IofA vs. CoA (Source: the researcher) 
 
Figure 4.10 shows the cost comparison of 25 MPa concrete per meter cube between site 
batched concrete and ready-mixed concrete. The figures show that the market price of 
25 MPa ready-mixed concrete is estimated between R1 500.00 to R2 000.00 and site-
batched concrete is between R1 000. 00 to R1 500.00.  It also shows that site- batched 
concrete is less economical compared to ready-mixed concrete. However, the project 
team stands by their decision to choose ready-mixed concrete because site- batched 
concrete has unforeseen costs. These unforeseen costs include: number of supervisors 
on site, number of labourers, number of materials which influence wastage and extra 
security, plants operation, and maintenance to operate plants. Again, their ready-mixed 
concrete is supplied by ready-mixed companies approved or accredited by SARMA. Also, 
ready-mixed concrete reduces the construction risk relating to concrete works on site. 
 
4.3.5 On-Site Concrete Observation in Case 3 
 
For the researcher to get an understanding of how the members of the construction team 
handled concrete on site, an observation checklist was carried out by the researcher and 
the construction team was aware and recognised the goal of the researcher. The 
observation items checked were rated either Yes or No with the actions carried out. 
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Table 4.21: On-site concrete observation in Case 3 
Items to be checked Yes No Actions 
1. Is the ground surface 
perfectly stabilised and 
compacted? 
Yes  The teams excavated the ground 
and placed imported gravel, which 
was compacted and levelled using a 
rammer. 
2. Is the formwork restrained 
against movement in all 
directions? 
 No The formwork for the base of the 
foundations was not properly fixed, 
and they also used bricks to act as 
formwork. 
3. Is the formwork correctly 
aligned and levelled? 
 No The formwork to support the 
concrete footing was not aligned 
correctly, but the formwork 
supporting the column was the 
aligned correctly and a dumpy level 
was used a source of instrument. 
4. Are all stopping ends 
properly secured? 
 No The points were the formworks was 
joining together was not fixed 
5. Are all joints properly 
sealed? 
Yes  Liquid sealant was applied to seal 
the concrete joints 
6. Are the forms clean and 
free of dust? 
 No The formwork was just installed 
and they did not apply a thin oil to 
the form, does why the columns had 
plenty of voids. 
7. Is reinforcement firmly 
fixed? 
Yes  The reinforcements are fixed and 
tied together making a structure to 
be combined with the concrete. 
8. Are there enough spacers 
and positioned correctly 
Yes  The reinforcement structure was 
resting on top of small rocks.  
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9. Are all kicker bars straight 
and correctly positioned?  
Yes  The kicker bars are aligned using a 
spirit level 
10. Is there sufficient access 
for placing concrete and concrete 
truck to move around the site? 
Yes  The labourers are working in an 
open environment and are walking 
without putting themselves in 
danger. 
11. Is there adequate access 
for concrete compaction? 
Yes  Poker vibrator is placed in an open 
place. 
12. Are concrete-curing 
materials available? 
Yes  The concrete is spread with water 
twice a day, but there were a few 
cracks which appeared on the 
foundations, 
13. Is concrete divided into 
panel or block to allow concrete 
movements? 
Yes  The concrete is placed in blocks 
and expansion boards are installed. 
14. Is placing of concrete 
consistent? 
Yes  Ready-mixed concrete trucks are 
delivering the concrete to the site 
consistently 
15. Are the construction 
workers adhering to the Health 
and Safety regulations (use of 
PPE)? 
Yes  The construction workers are 
wearing their safety clothes and 
adhering to the safety policy of the 
company. 
Source: The researcher 
 
Figure 4.11 shows the way the members of the construction team handled concrete on 
site. The pictures act as a source of evidence or reference to the interviewees’ responses 
and observation results which are recorded in section 4.4 (case 3). 
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Figure 4.11: Case 3, observation pictures (Source: the researcher) 
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4.4. Chapter Summary 
 
The researcher successfully collected the data through semi-structured interviews and 
on-site observations. The data collected outlines the methods adopted by the project 
team when working on concrete on site. Again, the data were used to design CBA 
methods for choosing the concrete task when having two alternatives: ready-mixed 
concrete and site-batched concrete. However, the clients for all three (3) cases did not 
form part of the interviews because they did not participate in the decision-making of the 
concrete works. Consulting engineers acted as principal agents for the clients. 
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CHAPTER 5: CROSS-CASE ANALYSIS AND DISCUSSION 
 
5.1. Introduction 
 
This chapter presents a summary of the findings reported in Chapter 4 through case 
studies 1, 2 and 3. The subdivision 5.2 presents the comparison of the causes of concrete 
defects and rework by summarising comparative cases 1, 2 and 3. Subdivision 5.3 
presents the comparison of decision-making mechanisms by summarising comparative 
cases 1, 2 and 3. Subdivision 5.4 presents the lessons learned from the test Case 
Projects 1, 2 and 3, for using Choosing By Advantages (CBA) in concrete task decisions. 
 
5.2. Cross-Case Analysis Cases 1 to 3 
 
Table 5.1: Summary of the Analysis for the Cases 
Questions Case 1 Case 2 Case 3 Remark 
Response 
1. What are the 
causes of defects 
and rework in 
concrete task? 
Yes Yes Yes  Lack of experience or poor 
working experience,  
 Lack of education in 
concrete task. 
 Project team decision 
making process  
2. How is decision 
making mechanism 
defining the 
completion of 
concrete task? 
Yes Yes Yes The decision-making 
mechanism is defined 
through: 
 construction method, 
 construction specification,  
 construction cost, quality 
and time 
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3. How can CBA 
decision making 
mechanism be used 
to eliminate the 
extent of defects 
and reworks in 
concrete task? 
Yes Yes Yes The application of CBA for all 
three cases favoured ready 
mixed concrete over site 
batched concrete 
Source: The Researcher 
 
5.2.1 The causes of concrete defects and rework in Case Projects 1, 2 and 3 
 
The causes of concrete defects and rework is summarised in Chapter 4, Case Projects 1 
to 3. The researcher discovered that project teams had extensive experience within the 
construction industry in South Africa, particularly with working with the concrete task. The 
causes of defects and reworks are structured into sub-headings in Table 4.2, 4.10 and 
4.17, namely; the definition of concrete defects, definition of rework, causes of defects 
and rework, components influencing the manifestation of defects and rework, methods 
which can be adopted to measure defects, and project team steps to prevent concrete 
defects and rework. The purpose of the sub-question is to answer the first research 
question which asked “What are the causes of defects and rework in the concrete task?”  
 
The project team in case 1 defined concrete defects as “the blunders which shows up on 
the concrete surface because of poor concrete management, and examples of blunders 
are either, cracks, voids, blisters, and honeycombing” and in Case Project 2 as “the effect 
of inadequate concrete produced by the results of incorrect quality control and mix design 
which might be influenced by the project team decision during the mixing and placing of 
concrete”. Furthermore, rework was defined as “the rectification of blunders which might 
either be cracks, voids, blisters, and honeycombing”, and in Case Project 2 as “the 
rehabilitation of the concrete surface which failed to meet its designed standard per the 
design specifications”. Champiri, Mousavizadegan and Moodi (2012: 105) defined 
concrete defects as the damages of concrete structures as an outcome of wrong 
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workmanship, unsuitable materials and inappropriate construction method, while Love 
(2002: 19) defined rework as the inessential determination of redoing an activity or 
damaged concrete structure because it was inaccurately done the first time. From the two 
definitions, the project team understands the principles of concrete defects and rework. 
The definitions of defects and rework created by the project team is like the definition of 
Champiri et al. (2012) and Love (2002). 
 
The researcher discovered that the project teams from all three cases understood the 
causes of defects and reworks, and methods which can be adopted to prevent concrete 
defects and rework. However, the project team’s respondents or the research results from 
all three Case Projects are like each other. The project team identified factors which 
commonly lead to concrete defects as poor leadership skill within the construction team, 
handling of concrete on site, and formwork installation. Some of the responses were as 
follows: “Defects is caused by the foreman and labourers through poor concrete mix 
design, poor concrete vibration and curing, and long hours of handling concrete before 
placing it, and poor programme planning (rushing to complete the task or to reach the 
deadline of the project), and team member who do not know how to read the drawing 
plans and design formwork per specifications.”  
 
Furthermore, project teams explained that concrete defects and rework can be prevented 
by “designing effective method statement for the project in advance, designing concrete 
mix design to meet the standard and purpose of the project, and testing the concrete on 
site through slump tests and cube tests to keep consistency of the concrete.” They 
explained further that construction teams working with concrete must regularly attend 
concrete training and workshops provided by accredited concrete institutions and 
reputable companies. The project team working with concrete task should be trained to 
make sound decisions through CBA method. CBA is a decision-making method, which 
help the project team to improve their decisions because CBA separate the IofA score 
and cost of alternatives that influences the concrete decisions. Schöttle and Arroyo (2016) 
explained that CBA is transparent and is based on the specific questions replicated in the 
criterion to explain the IofA score. 
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The observation checklist results of Case Project 1 and 2 outshine the results of Case 
Project 3. The reason why Case Project 3 did not produce the same results as Case 
Projects 1 and 2, is because the construction manager and foreman were neglecting the 
concrete work on site, which resulted in defects on the column and the foundation. The 
types of defects which were discovered were the concrete cracking, voids and honey- 
combing. This defects are the results of poor formwork installation, neglecting to apply 
thin oil on the formwork, failing to vibrate the concrete properly and to cure the concrete 
properly. For the curing process, water was spread on the concrete in the morning and 
evening to increase the moisture of the concrete.  
 
5.2.2 Decision-making Mechanism in Case Projects 1, 2 and 3 
 
The researcher investigated the project team decision-making methods when working 
with concrete task only. Three cases were investigated (Case Projects 1, 2 and 3) as 
described in Chapter 4. The project team decisions are influenced by factors like the 
project or construction methods, specification, cost and period.  The aim of this 
investigation was to answer the second research questions which asks “How is the 
decision-making mechanism defining the completion of the concrete task? This question 
was answered through the following sub-headings in Chapter 4: ‘Decision-making 
methods used in the firm’, ‘Implementing a decision-making method when working with 
concrete task’, ‘Teams involved in the decision-making of the project’, ‘Steps to follow 
when making project decisions’, and ‘Whether it useful to use any decision-making 
method’. 
 
From all three cases, it was discovered that the project teams were not using defined 
decision-making methods to make concrete decisions. Their decisions were influenced 
by various factors. Some of their responses were as follows “Concrete decision was 
influenced by concrete quality, money and period of the project, and project specification 
and method statement plan designed by the company” and “The engineer’s team said 
that they don’t have a specific or defined decision methods, but concrete decisions were 
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influenced by the load applied to the structure, for example the total weight of the vehicle 
to travel across the bridge and the purpose of the bridge”. Peterson (2009:1) explained 
the decision theory using as analogy Christopher Columbus’ decision to sail off 
westwards across an unknown ocean. He states that decision theory is the theory of 
rational decision-making and that the decision outcome depends on the true state of the 
world, which was partially known by Columbus when he sealed to the west. For example, 
the project team’s decision to use ready-mixed concrete would be judged by the project 
outcomes. 
 
The researcher discovered that the most important factors influencing the project team’s 
decision for all three Case Projects is the cost of the concrete. The project teams decided 
to use ready-mixed concrete because they wanted to avoid unforeseen cost and reduce 
the construction risk. The supplier of the ready-mixed concrete company was responsible 
for factors such as mix design, concrete strength and quality. Furthermore, ready-mixed 
concrete supplied to the site helped the construction team to avoid the construction risks. 
It also helped them to reduce the number of workers including foreman and labourers and 
plant, reduce security and to reduce waste on site. The concrete suppliers for all three 
Case Projects are approved by South African Ready-mix Association (SARM). 
 
5.2.3 Applying CBA for project team decision 
 
This subdivision presents the usefulness and possibility of adopting CBA methods in 
construction, especially when investigating the decision-making process executed by a 
project team when choosing a concrete type to improve project performance. The 
researcher worked with the project team to design a CBA method in Case Projects 1, 2 
and 3 to choose the best alternatives between ready-mixed concrete and site-batched 
concrete. The researcher adopted Tabular Method for all three (3) cases. However, the 
researcher found that in all three (3) cases the project team had already chosen the ready-
mixed concrete. 
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The project team working on Case Project 1 identified eleven (11) factors namely; Quality 
control, Workability. Site supervision, Compressed strength, Formwork, Concrete 
placement, Concrete compaction, Labourers, On-site transportation, Concrete Curing, 
and Health and Safety (OHS), while for Case Project 2, seven (7) factors was identified 
namely; Quality control, Consistence, Handling concrete, Compressed strength, 
Formwork, Labourers, and Health and Safety (OHS). For Case Project 3, nine (9) factors 
was identified namely; Quality control, Formwork, Reinforcement, Time of transporting 
concrete, Foreman, Labourers, Concrete strength, Concrete placement, and Concrete 
curing. 
 
The project team identified these factors so that they could be judged to choose a 
concrete type which would improve the project performance. However, factors for all three 
cases had the same meaning. This factors influenced the concrete work either positively 
or negatively, depending on the project team’s work experience. For all three (3) cases, 
the alternatives were judged per the IofA score rate of the project team. It was discovered 
that ready-mixed concrete had a better score than site-batched concrete for all three 
cases. The cost of the concrete was judged separately by the project team as 
recommended by Legmpelo (2013:50), that the goal of the project team is to establish the 
best alternative which was ready mixed concrete without over emphasising initial cost of 
the concrete and that concrete cost should be addressed after the implementation of 
CBA. 
 
The researcher demonstrated the possibility and usefulness of the CBA method for 
choosing between ready-mixed concrete and site-batched concrete by using multiple 
factors. In all three (3) cases CBA was supported by the following facts: 
 
 The factors in CBA are clearly defined and the attributes are weighted clearly per the 
advantages of the factors by the project team. 
 The judgement in CBA is based on the differences of the advantages of alternatives. 
 The judgement about the importance of advantages (IofA) is made by the project 
teams. 
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 In CBA, cost is not considered as a factor or a criterion, it is treated separately.  
 
A conclusion can be made by referring to the figure below. The project teams are the key 
drivers in the concrete decision-making process between two alternatives when using the 
CBA method. Figure 5.1 is the CBA frame model that outlines the research process. Step 
1 in the figure, which is a green boundary, represent the project team’s problems about 
poor performance. The problem is influenced by concrete defects and rework as the 
outcome of the project team’s decisions when placing or casting concrete. Step 2, which 
is the yellow boundary, represent the decision-making methods that guided how to reduce 
and eliminate concrete defects and rework. The subsequent steps (3,4,5 and 7), which is 
the blue boundaries, were carried out or developed by the project teams, while the CBA 
practitioners analyses the results as outlined in Step 6, 8, and 9. These constitute the red 
boundaries. These steps were also examined and discussed by the project team. 
2. CBA method was 
identified, studied and 
introduced to the project 
team
5. Project team weighted 
and summarized the 
criterion and attributes of 
the alternatives
8. The researcher calculated the 
sum of IofA to get a total score 
and to conclude a decisions.
6. The researcher 
calculated the advantages 
between alternatives 
3. Two alternatives was 
identified and approved by 
the project team
4. The factors of 
alternatives was identified 
and described by the 
project team
1. Poor project performance 
influenced by project team 
decision making process
7. Project team determined 
the importance of 
advantages (IofA) using a 
scale of 0 to 100
`
9. The cost of alternatives was 
treated separately and judged 
according to the total score of 
the IofA.
 
Figure 5.1 CBA Frame Model of Choosing an Alternative 
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5.4. Discussion 
 
The project team are often criticised or blamed for their poor decision-making, especially 
when working with the concrete task. The concrete task is a critical material that must be 
chosen by a concrete specialist or professional who has gained knowledge and 
understanding of the properties of concrete. The outcome of the project team decision-
making process when choosing a concrete type often causes the concrete defects and 
rework, which can be eliminated through the application of CBA when choosing a 
concrete type. The project team decision-making process when choosing a concrete type 
was investigated through the main research questions which asked “How is the decision-
making mechanism within a project team influencing the outcome of concrete works in 
Bloemfontein?” This main question is supported by three sub-questions which led to the 
data collection of this study. 
 
It was discovered that the project team’s decision-making process often leads to poor 
project performance, especially when working with the concrete task. The poor project 
performance is the outcome of the concrete task which results in concrete defects, which 
make the members of the construction team to rework the concrete task which did not 
meet the correct specification. Concrete defects and reworks are influenced by the 
decision-making of the project teams, because in most cases the project teams are 
making their decisions based on the construction method, specification, cost, quality and 
time. The concrete defects and rework can be eliminated if the members of the 
construction team working with concrete get knowledge of the concrete, follow the 
specification, and adopt the CBA methods when choosing a concrete type.  
 
In this study the researcher studied the application of the CBA method and introduced it 
to the members of the construction and consulting engineers’ teams. The project team 
were the ones driving the application of CBA for all three cases, the researcher was just 
guiding them. It was discovered from all three cases that ready-mixed concrete had a 
better score than site-batched concrete when using CBA to compare these two 
alternatives. The results show that ready-mixed concrete has less chance of causing 
105 
 
concrete defects and rework when used or applied per the correct specifications which 
are detailed in the engineering drawings of the structure. 
 
5.5. The Chapter Summary 
 
The researcher successfully analysed the data presented in Chapter 4. The cross-
comparison of the causes of defects and rework are presented in subdivision 5.4. It was 
discovered that poor leadership in the construction influences concrete defects, which 
influence concrete rework. The cross-comparison of the decision-making mechanism in 
the concrete task was influenced by the concrete methods, specification, cost, quality and 
time. However, In CBA it was discovered that CBA is designed and constructed by the 
project team and the researcher drafted the decisions making outcome of the project team 
between alternatives to implement the CBA method for concrete decisions.  Cost of 
alternatives is treated separately in CBA, not as a factor. 
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CHAPTER 6: RESEARCH CONCLUSION AND RECOMMENDATION 
 
6. 1. Introduction 
 
This chapter presents the conclusion of the study by presenting the CBA method in 
Bloemfontein (South Africa). Section 6.2 presents the summary of the research findings, 
section 6.3 presents the recommendation of the study, and section 6.4 presents 
possibilities for future work. 
 
6.2 Research Findings 
 
The aim of this study was to improve the project performance by adopting CBA to 
eliminate or reduce the impact of poor decisions. Three case project were selected with 
the objectives to determine the causes of defects and rework in concrete task, elucidate 
how the decision-making mechanism defines the completion of concrete task and 
introduce CBA decision-making mechanism to eliminate the extent of defects and rework 
in concrete task.  
 
This research has revealed that project team’s decision-making process often leads to 
poor project performance, especially when working with the concrete task. The findings 
in Chapter 5 shows that lack of experience (poor working experience), and lack of 
education in the concrete task influences poor project performance. Also, decisions of the 
project teams when working with concrete tends to cause defects, which lead to rework. 
Majority of the interviewed project teams could address the causes of defects and 
reworks, components influencing defects and rework, and methods which can be adopted 
to prevent concrete defects and rework.  
 
The researcher discovered that the members of the project team working with concrete 
must have sound concrete knowledge; an effective method statement must be in place 
well in advance, for instance the quality of concrete delivered to the site must be tested 
through slump test and cube test. Again, the formwork must be assembled per the 
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drawing design and the concrete must be vibrated slowly. The concrete must be cured 
correctly by adopting a method which will prevent the moisture of the concrete from 
evaporating instantly. The foreman must inspect the concrete delivered to the site by 
creating a checklist of items to handle the concrete on site.  
 
The study further revealed that the decision-making mechanism of the project teams is 
influenced by the construction method, specification, cost, quality and time. From the 
contractors’ point of view, cost of the project determines all the decision-making of the 
project. The client and consultants rate the quality of concrete higher, because quality 
determines all the decision-making of the project. The construction teams from the 
contractors’ side said that quality + time = cost of the project.  
 
The team further explained that should the contractor fail to address the quality of the 
project it would result in rework or repairs which might be accompanied by penalties from 
the client. The project team from all three Case Projects have not adopted a defined 
decision-making method. However, they all agreed that it is useful for construction teams 
to use a decision-making method, especially when working with the concrete task. The 
construction team said that their reason for choosing ready-mixed concrete was based 
on the risk assessment plan and method statement plan, because site-batched concrete 
has critical factors which can be ignored through using ready-mixed concrete. Such 
factors include; quality of the concrete (concrete strength), number of workers, concrete 
specialised, plants (trucks and batch plant), plant operators, material wastage and 
material security, especially of cement. These factors result in costs to maintain them and 
these costs can be cut by using ready-mixed concrete. 
 
In brief, Case Projects 1, 2 and 3 confirmed the application of the CBA method in project 
team decision-making process. The cases provide insights into the rationale over the 
choice of ready-mixed concrete and site-batched concrete by providing questions that the 
project team should ask in discovering the best alternative. Thus, CBA methods could 
provide the correct framework when choosing between competing alternatives that have 
significant implications for project performance. The decision of the project teams is 
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insightful as the alternatives have similar factors that were judged based on their IofA 
scores. These cases suggest that the score behind every IofA should be analysed using 
the facts and differences between the alternatives and opinions of the project team and 
how the advantages of one alternative would affect the other alternative.  
 
The findings in Chapter 5 show that the CBA framework for choosing competing 
alternatives was designed through three Case Projects. From the three cases, it can be 
inferred that: 
 The factors in CBA are clearly defined and the attributes are weighted clearly per the 
advantages of the factors by the project teams. 
 The judgement in CBA is based on the differences of the advantages of alternatives 
(ready-mixed concrete and site-batched concrete) 
 The judgement about the importance of advantages (IofA) is made by the project 
teams, who rated the IofA on a scale from 0 to 100. After the rating the total sum of 
the IofA for alternatives was calculated together. It was discovered that for all three 
cases ready-mixed concrete scored higher than site-batched concrete. 
 In CBA, cost is not considered as a factor or a criterion, it is treated separately. The 
cost of alternatives was assessed separately and the results showed that site- batched 
concrete cost less than the ready-mixed concrete for all three cases. 
 
However, the project team stated that even though the site-batched concrete was more 
economical than ready-mixed concrete, they favoured the IofA score since site-batched 
concrete had numbers of factors which cost money to maintain, such as wastage, material 
storage, batching plant and trucks to transport the concrete, supervision, and more 
labourers on site. For instance, ready-mixed concrete is subject to the SANS 878 
requirement, and the concrete suppliers for all three Case Projects are approved by the 
South African Ready-mix Association (SARM). SANS 878 compels the ready- mixed 
company to transport the concrete to the site within the permissible range of slump for a 
period of 30 minutes from the arrival at the site 
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6.2.1 Applying CBA in the construction industry  
 
Arroyo et al. (2014), described CBA as a decision-making process developed to improve 
the project team decisions during the construction process regardless of the scope of 
work. This study adopted CBA method to improve the project team decisions when 
choosing between ready mixed concrete and site batched concrete with the aim to reduce 
and eliminate defects and rework. In CBA, every advantage is linked with the principal 
advantages, which reflects the most important advantages for the project team decisions. 
Previous studies illustrate that CBA is conducted through case studies. CBA case studies 
can be found in Lee, Tommelein, and Ballard (2010), Abraham, Lepech, and Haymaker 
(2013), Arroyo, Tommelein and Ballard (2014), and Karakhan, Gambatese, and 
Rajendran (2016). This reported study also follow the case study approach. The analysis 
of three case studies illustrated in chapter 5 serves as a reference point.  
 
The research finding of this study, specifically the application of CBA to choose the project 
teams’ decision-making methods between ready-mixed concrete and site-batched 
concrete, can be extended to include other types of decision-making in the construction 
industry with the aim of improving project performance. CBA is useful to help the project 
team to choose an alternative, when they compare alternatives using the same factors, 
criterion and attributes of the alternatives. CBA also helps the project team to understand 
the differences between alternatives. The IofA score and cost of concrete alternatives 
should not be mixed, it can be problematic as it impacts the project team decisions 
significantly. The guideline or steps to follow when using CBA is described through the 
CBA Frame Model, which would help the project team to make sound decisions when 
choosing alternatives.   
 
6.2.2. CBA Limitation 
 
The researcher discovered limitations regarding: 
 Clear understanding of the attributes of the alternatives 
 Guidelines to help project team when choosing the alternatives 
110 
 
 Biases which might be caused by project teams when scoring the IofA between 
alternatives, because there is no formula to calculate the IofA score 
 
Another limitation is that for all three cases, the clients did not form part of the interviews 
because the consulting engineers managed the project on behalf of the client, as the 
principal project manager. For Case Projects 1 and 2 consulting engineers represented 
the client as the principal agent and Case Project 3 is a turnkey project whereby the 
project is designed, constructed and managed by a consortium company. The decision 
not to interview the client reduced biases of the decision-making process because the 
clients did not form part of the decision-making process relating to the concrete work. The 
IofA scores were rated individually by the project team to avoid biases within the project 
team.  
 
6.3. RECOMMENDATIONS 
 
In all three (3) cases the application of CBA resulted in positive results and the decision- 
maker must take into consideration the following points: 
 Construction companies must regularly provide adequate training to the construction 
team working with concrete and making critical project decisions relating to the 
concrete task.  
 The training must be provided by accredited concrete institutions and university or 
reputable concrete specialist companies in South Africa to address the issues 
highlighted in Chapter 4 and Chapter 5. 
 The project team must start to prioritise the project decision-making process of the 
project. 
 The project teams made up of clients, consulting professionals and contractors, must 
be introduced to the impact of Lean Construction with regards to the CBA method. 
 CBA must be introduced at an early stage of the project, the ‘pre-tendering phase’, 
when the project needs are still measured. This will help the project team to choose 
decisions which will improve the project performance. 
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 Adequate CBA training and workshops must be provided to project teams responsible 
for the decision-making process of the project by lean practitioners in the academic 
institutions. 
 
6.4. Future Research Work 
 
After the establishment of CBA within the project teams’ decision-making process when 
choosing the concrete type, the researcher could recognise areas that necessitate further 
research: 
 How can the application of the Choosing by Advantages (CBA) method be introduced 
to project teams in the pre-tendering phase? 
 How can the project team measure the consequence of the decision-making process 
within the project? 
 How the project teams’ decision-making process that influences the project 
performance when comparing Choosing by Advantages (CBA) and Value-based 
Methods (VBM) be improved? 
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APPENDIX A: INTERVIEW COVER LETTER 
 
Attention: The Interviewee 
By Hand 
Dear Sir / Madam, 
RE: CONCRETE WORK DECISION ANALYSIS IN BLOEMFONTEIN 
I would like to take this opportunity to express my appreciation for taking the time out of 
your schedule to meet with me. I am currently conducting a research as outlined above. 
The research study is undertaken in partial fulfilment of the requirement for the degree of 
Magister Technologia in Quantity Surveying at the Nelson Mandela Metropolitan 
University (NMMU). To take the study forward, interview of key project actors is required. 
This is the basis of my contact with you. The proposed meeting with you comprises of a 
short questionnaire and open-ended questions. The duration of our meeting will not 
exceed 30 minutes. The questionnaire is a preliminary tool with the purpose of gathering 
essential information concerning you and your organization. Our meeting will be 
conducted in person and all the information discussed will be recorded. Please note that 
the confidentiality of your response is assured. 
Should you have any queries, please don’t hesitate to contact Mr. George Mollo at    076 
857 7506 or at lmollo@cut.ac.za 
Yours sincerely, 
 
Lesiba George Mollo, B. Tech QS 
Researcher 
 
Prof Fidelis Emuze, PhD  
Co-Supervisor  
120 
 
APPENDIX B: INTERVIEW SHORT QUESTIONNAIRE 
 
1. Are you currently a member of a professional body in the construction industry: Yes, 
or No? 
 
2. If yes, please state the professional body? 
 
 
 
3. Are you a professionally registered member of a statutory professional body or a 
candidate / associate? 
 
 
4. Please indicate the role you play in the construction industry? 
Client Consultant Contractor 
   
 
5. Please indicate the highest education qualification you have achieved? 
Matric National Diploma Bachelor’s 
Degree 
Postgraduate Degree 
    
 
6. Please stipulate the number of years you have been involved in the construction 
industry? 
 
 
7. Please stipulate the number of projects you are currently running? 
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APPENDIX C: THE INTERVIEW GUIDE 
 
THEME1: CAUSES OF DEFECTS AND REWORK 
 
1. Please define concrete defects 
 
 
2. Please define concrete rework? 
 
 
3. Based on your concrete task experience, what are the causes of defects and 
rework? 
 
 
4. Based on your concrete task experience, what are the components influencing 
the manifestation of defects and rework? 
 
 
5. Based in your concrete task experience, which methods should be used to 
measure defects? 
 
 
6. In your opinion, what should be done to prevent defects and rework in concrete 
task? 
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THEME 2: DECISION MAKING MECHANISM  
 
1. Which decision-making methods do you use in your firm? 
 
 
 
2. In general, how have you implemented your decision-making methods, especially 
when working with concrete task? 
 
 
 
3. Do you involve other teams (consulting profession, suppliers, client and 
contractor), to participate in the decision-making of the project? 
 
 
 
4. Which steps do you follow when implementing the decision-making methods? 
 
 
 
5. In your opinion, do you find it useful to use any decision-making methods? 
 
 
  
123 
 
APPENDIX D: THE INTERVIEW GUIDE 
 
COMPARATIVE CASE STUDIES: CHOOSING CONCRETE MATERIALS USING 
CHOOSING by ADVANTAGES (CBA)  
 
RE: CONCRETE WORK DECISION ANALYSIS IN BLOEMFONTEIN 
 
1. The Interviewees name 
 
 
2. Company of the interviewee 
 
 
3. Position of the Interviewee 
 
 
The purpose of this case studies is to compares the decision-making mechanism of 
project teams when deciding concrete methods using CBA method, to answer the 
questions "How can CBA decision making mechanism be used to eliminate the extent of 
defects and rework in concrete task?" and "How is decision making mechanism defining 
the completion of concrete task?"  
 
To answer these questions, the researcher adopted the CBA method, and chooses to 
use Tabular Method (TM), because the project team identified two alternatives of the 
concrete type. To avoid biases when deciding the best alternatives, the cost of the 
concrete is not regarded as a factor, however it is judged separately per the market price. 
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CBA CONCRETE DECISION MAKING QUESTIONS 
 
1. Please identify the two-concrete type commonly used in the construction industry 
 
 
 
 
2. Please identifies and describes the factors of the alternatives 
 
Factors Definitions  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
This will be the follow up questions 
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3. Please summarise the criterion of each factor per its characteristics relating to the 
strength of the concrete type (alternatives) 
 
Factors Summary  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
 
4. Please weight the attributes of each factors per its characteristics relating to the type 
of concrete (alternatives) 
 
Factors Alternative 1 Alternative 2 
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5. Please score the importance of advantages for each factor using a score from 0 to 
100, judging from the calculated advantages of each factors using the criterion rule 
each factor to make judgement. 
 
Factors Attributes of Alternative 1 
(Ready mixed Concrete) 
Attributes of Alternative 2 
(Site Batched Concrete) 
   
IofA Score (0 to 100)   
   
IofA Score (0 to 100)   
   
IofA Score (0 to 100)   
   
IofA Score (0 to 100)   
   
IofA Score (0 to 100)   
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APPENDIX E: SITE OBSERVATION TEMPLATES 
 
HANDLING CONCRETE ON SITE 
 
Project Name   Company   
  
Site Location   Researcher Lesiba George Mollo 
  
Date   Study Level M.Tech Study 
  
 
Items to be checked Yes No Actions 
1. Is the ground surface perfectly 
stabilised and compacted 
   
2. Is the formwork restrained 
against movement in all directions 
   
3. Is the formwork correctly aligned 
and levelled 
   
4. Is all stop ends properly secured    
5. Is all joints properly sealed    
6. Is the forms clean and free of 
dust 
   
7. Is reinforcement firmly fixed    
8. Is there enough spacer and 
positioned correctly 
   
9. Is all kicker bars straight and 
correctly positioned  
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10. Is there sufficient access for 
placing concrete and concrete truck 
to move around the site 
   
11. Is there adequate access for 
concrete compaction 
   
12. Is concrete curing materials 
available 
   
13. Is concrete divided into panel or 
block to allow concrete movements 
   
14. Is placing of concrete 
consistently 
   
15. Is the construction worker 
adhering to the Health and Safety 
regulations (use of PPE) 
   
 
 
